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TEANSLATOR'S PREFACE. 



I CANNor more appropriately introduce tho Cosmos to th« 
notice of tJie readers of the Scientific Library, than by pre- 
eenting them with a brief sketei of the life of its iliustriouB 
author.* WWle the name of Alexander von Humboldt is 
familiar to every one, few, perhaps, are aware of the peculiar 
ciroomstances of his scientific career, and of the extent of his 
labours in almost every department of physical knowledge. 
Ho was bom on the 14th of September, 1769, and ia, there- 
fore, now in his 80t!i year. After going througli the ordinary 
course of education at Göttingen, and having made a rapid 
tour through Holland, England, and France, he became a 
pupU of Werner at the mining school of Freyburg, and in his 
2lHt year, published an " Essay on the Basalts of tho Bhine." 
Though he aoon became officially connected with the nuning 
corps, he was enabled to continue Lis escursions in foreign 
countries, for during the six or seven years succeeding the 
publication of his first essay, he seems to have visited Austria, 
Switzerland, Italy, and France. His attention to mining did 
not, however, prevent him tcom devoting his attcntimi to 
other scientific pursuits, amongst which botany and the then 
recent discovery of galvanism may be especially noticed. 
Botany, indeed, we know from his own authority, occupied 
Tiim almost exclusively for some j'ears, but even at this time 
he was practising the use of those astronomical and physical 
inBtrxunenta, which he afterwards turned. to so singularly 
excellent an account. 

The political disturbances of the civilized world at the dose 
of the last century prevented our author from carrying ont 
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various plans of foreign travel which he had eontcmplaled, 
and detained him an iinwillin)i; prisoner in Europe. In the 
year 1799 he went to Spain, with the hope of entering Africa 
from Cadiz, but the unespect<id patronage which he received 
at the Court of Madrid, led to a great alteration in his plane, 
and decided him to proceed directly to the Spanish Posses- 
sions in America, " and there gratify the longings for foreign 
-adventure, and the scenery of the tropics, which had haunted 
.faim from boyhood, but had all along been turned in the dia- 
metrically apposite dircctioii of Asia." After encountering 
various risks of capture, he succet-ded in reaching America, 
-and from 1799 to 1804 prosecuted there estensivo resourehea 
■.in the physical geography of the New World, which have 
1 indelibly stamped his name in the undying records of science. 
Kxoepting an excursion to Naples with Gay Lussac and 
Von Buch in 1 805 (the year after his return from America), 
the eucoeeding twenty years of his life were spent in Paris, 
and-wcxe almost exclusively omploycd in editing the results 
of his American journey. In order to bring these results 
. before t^ world, in a manner worthy of their importance, 
..he conmmced a series of gigantic publications in almost - 
[lOVcry biancli of science, on which he had inEtituted obser- 
(.yations. In 1S17, after twelve years of incessant toil, four- 
: fifths. we*e «omplel^d, and an ordinary copy of the part 
Jlkeit in print, coet consideraUy more than one hundred pounds 
i^teriing. Binco that time the publication has gone on more 
aalorwly, and even aow. after the lapse of nearly half a century, 
lit.remaios, and probably ever will remain, incomplete, 
V.'. In; the year 1828* when the greatest portion of his literaiy 
labour had been accomplished, he undertook a seientifio 
gjoumsy to Iberia, under the special protection of the Kussiaa j 
'.Govemmrajt, .In this journey — a journey for which he had 
prepared himgelf by a course of study imparallcllcd in the 
nifltory of travel — he was accompaiiied by two companions 
hardly less distinguished than himself, Ehrenbcrg and Giistav 
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Bose, and the results obtained during their expedition, are 
recorded by our author in his Fragments Atialiquea, raid in 
his Asie Centrale, and by Eoee in his Reise nach dem Oural. 
If tiie Aile Centrale had been hia only work, constituting, as 
it does, an epitome of ah the knowledge acquired by himself 
and by former travellers, on the physical geography of North- 
ern and Central Asia, that work alone would have eufiiced 
to form a reputation of the highest order. 

I proceed to offer a few remarks on the work of which I 
now present a new translation to the Engl iah public, a work 
intended by its author " to embrace a summary of physical 
knowledge, as connected with a delineation of the material 
universe." 

The idea of such a physical description of the imiverse had, 
appears, been present to hia mind from a very early epoch. 
It was a work which he felt he must accomplish, and be 
'devoted almost a lifetime to the accumulation of materials 
fer it. For almost half a century it had occupied his 
thoughts; and at length in the evening of hfc, he felt 
himself rich enough in the aceumulution of thought, travel, 
reading, and experimental research, to reduce into form 
and reality, the undefined vision that has so long floated 
before him. The work when completed will form three 
Tolumee. The ßral volume comprises a sketch of all that is 
at present known of the physical phenomena of the universe: 
the semmd comprehends two distinct parts, the first of which 
treats of the indtenjents to the etudy of nature, afforded in 
descriptive poetry, landscape painting, and the cultiration of 
exotic plante ; while the second and lai^er part enters into 
die consideration of the diferent epochs in the progress of 
disoovery and of the corresponding stages of advimce in 
human civilisation. The f/tird volume, the publication of 
which, as M. Humboldt himself informs mo in a letter 
I tddressed to my learned friend and publisher, Mr. H. O. liohn, 
I "haa been somewhat delayed, owing to the present state of 
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public affairs, toH comprise the special and scientific develop- 
ment of the great Picture of Nature." Each of the three 
parts of the Coamoa is therefore, to a certain extent, distinct 
in its object and may be considered corapkto in itself. 
We cannot better tenninate tlus brief notice, than in the 
words of one of the most eminent philosophers of our own 
country, that " should the conclusion correspond (as we doub» 
not) witb these beginnings, a work will have been accom- 
pushed, every way worthy of the author's fame, and a crown- 
ing laurel added to that wreath, with which Europe will 
always delight to surround the name of Alexander von Hum- 
boldt." 

In venturing to appear before the English public as the 
interpreter of "the great icork of our ai/e,''* I have been 
encouraged by the assistance of many kind literary and scien- 
tific friends, and I gladly avail myself of this opportunity of 
expressing my deep obligations to Mr, Brooke, Dr. Bay, 
Professor Edward Forbes, Mr. Hind, Mr. Glaisher, Dr. Perey, 
and Mr. Ronalds, for the valuable aid they have afforded me. 

It would be scarcely right to conclude these remarks 
■without a reference to the translations that have preceded 
mine. The translation, executed by Mrs. Sabine, is singulariy 
aeeurate and elegant. The other translation is remarkable 
for the opposite qualities, and may therefore he passed over i 
silence. The present volumes differ from those of Mrs. Sabin 
in having all the foreign measures converted into correspond- 
ing English terms, in being published at considerably less 
than one third of the price, and in being a translation of the 
entire work, for I have not conceived myself justified in 
omitting passages, sometimes amounting to pages, simply , 
because they might bo deemed slightly obnoxious to 
national prejudices. 

* The eiptession applied to the Ooamoi, by the learned Bunsen in 1 
his late Report on EÜmoloej, ialhfRqmrtoftAtBrilithAsaBcialiimt 
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Is tlie late evening of an actiTo life I offer to the Genuau 
public a -work, whose undefined image has floated before my 
mind for almost hdf a centui-y. I have fretjuuntly looked upon 
its completion as impracticable, hut as often aa I have been 
disposed to relinquish the undertaking, I have again — although 
perhaps imprudently — resumed the task. This work I now 
present to my cotemporaries, with a diffidence inspired by a 
jiiBt mistrust of my oivn powers, whilst I would willingly for- 
get that writiiigä long expected are usually received with less 
indulgence. 

AlÜiough the outward relatio:is of life, and an irreaistihle 
impulse towards knowledge of various kinds, have led mo to 
occupy myself for many years — and apparently exclusively — 
with separate branches of science, as, for instance, with 
descriptive botany, gei^osy, chemistry, astronomical deter- 
minations of position, and terrestrial magnetism, in order that 
I might the better prepare myself for the. extensive travels in 
vhich. I was desirous of engaging, the actual object of my 
atudies has nevertheless been of a higher character. The 
principal impulse by which I was directed, was the earnest 
endeavour to comprehend the phenomena of physical objects in 
their general connection, and to represent nature as one great 
whole, moved and animated by internal forces. My inter- 
course with highly gifted men early led me to discover that, 
irithout an earnest striving to attain to a knowledge of special 
bnmches of study, all attempts to give a grand and general 
'ijow of the universe would be nothing more than a vain 
{Umion. These special departments in the great domain of 
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natural science are, moreover, capable of being reciprocally 
fructified by means of the appropriative forces by which they 
are endowed. Descriptive botany, no longer confined to the 
narrow circle of the determination of genera and species, 
leads the observer who traverses distant lands and lofty 
moimtains to the study of the geographical distribution of 
plants over the earth's surface, according to distance from the 
equator and vertical elevation above the sea. It is further 
necessary to investigate the laws which regulate the differences 
of temperature and climate, and the meteorological processes 
of the atmosphere, before we can hope to explain the involved 
causes of vegetable distribution; and it is thus that the 
observer who earnestly pursues the path of knowledge is 
led from one class of phenomena to another, by means of the 
mutual dependence and connection existing between them. 

I have enjoyed an advantage which few scientific travellers 
have shared to an equal extent, viz., that of having seen not 
only littoral districts, such as are alone visited by the majority 
of those who take part in voyages of circumnavigation, but 
also those portions of the interior of two vast continents which 
present the most striking contrasts, manifested in the Alpine 
tropical landscapes of South America, and the dreary wastes of 
the steppes in Northern Asia. Travels, undertaken in dis- 
tricts such as these, dould not &il to encourage the natural 
tendency of my mind towards a generalisation of views, and to 
encourage me to attempt, in a special work, to treat of the 
knowledge which we at present possess, regarding the sidereal 
and terrestrial phenomena of the Cosmos in their empirical 
relations. The hitherto undefined idea of a physical geography 
has thus, by an extended and perhaps too boldly imagined a 
plan, been comprehended, under the idea of a physical 
description of the universe, embracing all created things in 
the regions of space and in the earth. 

The very abundance of the materials which are presented to 
the mind for arrangement and definition, necessarily impart 



no inconeideTable difficulties in the choice of the form under 
which Buch a work must be presented, if it would aspire to 
the honour of being regarded as a literary com]K>sition, 
Desoriptiona of nature ought not to bo deficient im a tone of 
life-like trutbiulueBS, whilst the mere enumeration of a Bcriee 
of general results is productive of a no less wearying impres- 
eöon than the elaborate accumulation of the individual 
data of observation. I scarcely venture to hope that I have 
Eoeoeeded in satiGtying these various requirements of compo- 
sition, or that I have myself avoided the shoals and breakers 
which I have known how to indicate to others. My fltiat 
hope of success rests upon the special indulgence which the 
German public have bestowed upon a small work bearing the 
title of Amichten iJer Natur, which I published soon after my 
return from Meiieo. This work treats, under general pointa 
of view, of separate branches of physical geography, (such as 
the forms of v^^etation, grassy plains, and deserts.) The 
effect produced by this small volume has doubtlessly been 
more powerfijlly manifested in the influence it has exercised 
on the sensitive minds of the young, whose imaginative feeul- 
ties arc so strongly manifested, than by means of anything 
which it could itself impart. In the work on the Cosmos on 
which I am now engaged, I have cndeavoiu'ed ta show, as in 
that iutitled Ansichten der Natur, that a certain degree of 
sdentifie completeness in the treatment of individual facta, is 
not wholly incompatible with a picturesque animation of 
style. 

Since public lectures seemed to me to present an cosy and 
efficient nkeans of testing the more or less successful manner of 
cmmecting tc¥;ether the detached branches of any one scienoe, 
I nndertook, for many months consecutively, first in the French 
langnage, at Paris, and afterwards in my own native German, 
at Berlin, (almost simultaneously at two different places 
ai owembly,) to deliver a covtrse of lectures on the physical 
of the uniTerse, according to my conceptioii. 
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of the science. My lectures were given extemporaneously, 
both in French and German, and without the aid of written 
notes, nor have I, in any way, made use, in the present work, 
of those portions of my discourses which have been preserved 
fa|r the industry of certain attentive auditors. With the 
exception of the first forty pages, the whole of the present 
work was written, for the first time, in the years 1843 and 
1844. 

A character of imity, fireshness, and animation, must, I 
think, be derived from an association with some definite 
epoch, where the object of the writer is to delineate the pre- 
sent condition of knowledge and opinions. Since the addi- 
tions constantly made to Üie latter give rise to fundamental' 
changes in pre-existing views, my lectures and the Cosmos 
have nothing in common beyond the succession in which 
the various fjwts are treated. The first portion of my work 
contains introductory considerations regarding the diversity 
in the degrees of enjoyment to be derived from nature, 
and the knowledge of Üie laws by which the imiverse is 
governed; it also considers the limitation and scientific mode 
of treating a physical description of the universe ; and gives 
a general picture of nature which contains a view of all the 
{^enomena comprised in the Cosmos. 

This general picture of nature, which embraces within its 
wide scope the remotest nebulous spots, and the revolving 
«double stars in the regions of space, no less than the telluric 
phenomena included under the department of the geography 

•^of organic forms (such as plants, animals, and races of men), 

.•^oomprises all that I deem most specially important with 
regard to the connection existing between generaHties and 

: specialities, whilst it moreover exemplifies, by the form and 
style of the composition, the mode of treatment pursued in 
the selection of the results obtained from experimental know- 
ledge. The two succeeding volumes will contain a consi« 

"■ deration of the particular means of incitement towards the 
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stadj of nature {consisting in animated delincationa, land- 
scape painting, and the armngcmcnt and cultivation of 
exotic vegetable forms), of the history of the contemplation of 
the universe, or the gradual development of the teciproeal 
action of natural forcen constitutiiig one natural whole ; and 
lastly, of the special iH^nches of the several departments of 
science, whose mutual connection ia indicated in the begin' 
ning of the work. Wherever it has been possible to do so I 
have adduced the authorities fi-om whence I derived my facts, 
trial a view of affording testimony both to the accuracy of my 
statements and to the value of the observations to which refer- 
ence was made. In those instances where I have quoted from 
my own writings (the facts contained in which being, from 
their very nature, scattered through different portions of my 
works), I have always referred to the original editions, owing 
to the importance of accuracy with regard to numerical re- 
lations, and to my own distrust of the care and correct- 
ness of translators. In the few cases where I have estraeted 
short passages from the works of my friends, I have indicated 
them by marks of quotation; and, in imitation of the practice 
of the ancients, I have invariably preferred the repetition of 
the same words to any arbitrary substitution of my own 
paraphrases. The much contested question of priority of 
claim to a first discovery, which it is so dangerous to treat of 
in a work of this uncontroversial kind, has rarely been 
touched upon. Where I have occasionally referred to clas- 
sical antiquity, and to tliat happy period of transition which 
has rendered the sixteenth and seventeenth centuries so cele- 
brated, owing to the great geographical discoveries by which 
the age was characterised, I have been simply led to adopt 
this mode of treatment, from the desire we experience from 
time to time, when considering the general views of nature, 
to escape from the circle of more strictly dogmatical modern 
opinions and enter the free and fanciful domain of earlier 
presentiments. 



It has frequently been regarded as a. subject of diBcourngiii| 
consideration, that whilst purely literary products of intclleo- "* 
tual activity are rooted in the depths of feeling, and inlei'- 
woven with the creative force of imagination, all works treat- 
ing of empirical knowdedge, and of tie connection of natural 
phenomena and physical laws, are subject to the most marked 
modiflcations of form in the lapse of shmt periods of time, 
both by the improvement in the instruments used, and by the 
consequent expansion of the field of view opened to rational 
obseryation, and that those scientific works which have, to use 
a common expression, become imllqualed by the acquisiljon of 
new fimds of knowledge, are thus continually being consigned to 
obliTion as unreadable. However discouraging such a prospect 
must be, no one who is animated by a genuine love of nature, 
and by a sense of the dignity attached to its study, can view 
with regret anything which promises future additions and a 
greater degree of perfection to general knowledge. Many im- 
portant branches of knowledge have been based upon a solid 
foundation which will not easily be shaken, both as regards 
the phenomena in the regions of space and on the earth; 
wbikt there are other portions of science in which general 
Tiews will undoubtedly take tJie place of merely special ; where 
new forces will be discovered and new substances will be 
made known, and where those which are now considered as 
simple win be decomposed. I would therefore venture to hope 
tliat an attempt to delineate nature in all its Tivid animation 
and exalted grandeur, and bo trace the stahh amid the vacil- 
lating, ever- recurring alternation of physical metamorphose«, 
^^M will not be wholly disregarded even at a future age. J 

^^k Potudam, Nov. 1844. m 
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— BeflediOTis on the diffsrent degrf.es of ^ijoyTntnt pre- 
vtbyiht aspect of «abtre, aad the teiattiße (ayimüioii of 

W tcaaa tf (Äe vmrxriB pp. 1-61. 

10 the coDBectioQ of p]ieiioiueii& v& the aim of all uutiuBl 
jliition. Nature preaeDtB itself to meditativo contemplation an a 
n diversity. Diflerenoea itt the grades of enjoyment jielded by 
nmire. Effect of «mtjiut with free nature; eiuojmect derived from 
nfttnre independently of a knowledge of the aetioa of natural forcei, or 
of the efiECt produced by the individual character of a locality. Effect 
wf the phj-aognemy and configuration of the Butfaoe, or of the oharaotur 
of v^etstion. EemiuificoncEa of Ite woody valleys of the Cordilleras, 
•od of the Peak of Teneriffe. Advaatngea of the mountainous region 
neac the equoMr, witere the moltiplicity of natural impreasinna attains 
it« maximum vitMu the moat circnmscribed Umils, and where it is per- 
nutted to man aimnltuieously \a behold all the &\sa of Ihe fiimamenl, 
ind all the forma of vegetation— pp. 1-12. 

Tendeocy towards the invciligation of the cauaea of physical pheno- 
nuiui. Erroneous views of the character of natnral forces arising frma 
an imperfect mode of observation or of induction. The crude accumu- 
lation of physical dogmas tnmsmilted from one century \a another, 
^lefr diSiudoa amonget the higher clufaoB. Scloatific physics are asso- 
daUd with another and a deep-rooted eystem of nntried and misunder- 
nöod Biperimental positions. Investigation of natural laws. Appre- 
hension Uial uatare may lose a portion of its secret charm by an inquiry 
into the inl«miLl character of its forces, and that the eojayment of 
utare most Dect^earily bo weakened by a study of ils domain. 
Advantages of general views which, impaji on exalted and solemn 
character U> oatoral science. The pofsibillty of separating generalities 
bam Bpedslitieg. Examples drawn from asbonomy, recent optical 
UieaTGries, physical geognosy, and the geography of plants. Practica^ 
UUty of the study of phyäcal cosmography— pp. 12-35. Misundoratood 
pc^nlar knowledge, confounding cosmography witha mere eacyclaptedio 
Hmmeration of natural sciences. Necessity for a simultancons regard 
bi all branches of natural science. Influenco of this study on national 
ptoipeiityaudthowel&ieofnations; itsmoreeai - ■ ' 
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aim is an inner one, arising firom exalted mental activity. Mode of 
treatment with regard to the object and presentation; reciprocal con- 
nection existing between thought and speech — ^p. 86. 

The notes to pp. 6-12. Comparatiye hypsometriod data of the eleva- 
tions of the Dhawalagiri, Jawahir, Chimborazo, Etna» (according to the 
measurement of Sir John Herschel), the Swiss Alps, &c — ^p. 6. Barity 
of palms and ferns in the Himalaya mountains — p. 8. European vege- 
table forms in the Indian mountains — ^p. 8. Northern and soutiiem 
limits of perpetual snow on the Himalaya; influence of the elevated 
plateau of Thibet— pp. 9-12. Fishes of an earlier world — ^p. 26. 

Limits and Method qf Exposition qf tke Physical Description of the 
Universe pp. 37-61. 

Subjects embraced by the study of the Cosmos or of physical cosmo- 
graphy. Separation of other kindred studies — ^pp. 87-44. The urano- 
logical portion of the Cosmos is more simple than the telluric ; the 
impossibility of ascertaining the diversity of matter simplifies the study 
of the mechanism of the heavens. Origin of the word Cosmos, its 
signification of adornment and order of the universe. The existing 
cannot be absolutely separated in our contemplation of nature from Und 
future. History of the world and description of the worid — pp. 44-56. 
Attempts to embrace the multiplicity of the phenom^ia of the Cosmos 
in the unity of thought and under the form of a purely rational combi- 
nation. Natural philosophy which preceded all exact observation in 
antiquity is a natural, but not unfreqnently ill-directed, efibrt of reason. 
Two forms of abstraction rule the whole mass of knowledge, viz., the 
guantitative, relative determinations according to number and magni- 
tude, and qiuxlitative, material characters. Means of submitting pheno- 
mena to calculation. Atoms, mechanical metiiods of construction. 
Figurative representations; mythical conception of imponderaUe mat- 
ters, and the peciüiar vital forces in every organism. That which is 
attained by obiservation and experiment (calling forth phenomena) leads 
by analogy and induction to a knowledge of empirical laws; their 
gradual simplification and generalisation. Arrangement of the fiicts 
discovered in accordance with leading ideas. The treasure of empirical 
contemplation collected through ages, is in no danger of experiencing 
any hostile agency from philosophy — ^pp. 66-61. 

[In the notes appended to pp. 48-58, are considerations of the general 
and comparative geography of Varenius. Philological investigation 
into the meaning of the worids Kocfioq and mundus,] 

Delineation of Naiure, General Review of Natural Phmwnma 

pp. 62-869. 

Introduction — ^pp. 62-67. A descriptive delineation of the world 
embraces the whole universe (rb rrav) in the celestial and terrestrial 
spheres. Form and course of the representation. It begins with the 
depths of space, of which we know littie beyond the existence of 
laws of gravitation, and with the region of the remotest nebulous spots 



»nfl donUe atan, and then graduall.v descending throagh the sUarj 
Btrahun to wJiich our Bolar eystem belongs, it conl«ra plates this Urres- 
trial apheroid, eiuTDunded by air and water, aad finally, proceeda to 
the considcratioa of llie form of our planet, i<a tempeiatare, and 
magnetic tenaion, and tlie fulnees of oi^anic vitatity which is nn- 
fcdded on its suiisce under the action of light. Partial insig'ht into 
the raUitlvo dependence existing amon^t all phenomena. Amid all 
the mobile ftnd unetablc elements in space, m«aii nmnerir^l vahiea are 
the ullimnte aim of inrestigation. being the expression of (he phytic^ 
laira, or forces of the Coemoe. The delineation of the nniTerse does not 
begin with the earth, irom which a merely sabjective point of vieir 
mi^t have led ng to start, but rather with tbe abjecis comprised in the 
legioDH of space. DiBtribulion of matter, Thich ia partially conglo- 
merated into rotating and circling heavenly bodies of very different 
density and roagnitnde, and partly scatlered as self-luminous vaponr. 
Beviow of the separate portions of tbe picture of nature for the purpose 
of explaining the reciprocal connection of all phenomena. 

I. Crlatial poTtion of the Qm/ios .... pp. 6T-14B. 

II. Terreabial portion Bf the Coami» . . . . pp. ]i5-369. 

a. Form of the earth, its mean density, quantity of heat, electro- 
magnetic aetivitj, process of light — pp. 146-197. 

b. Tital activity of the earth towards its external surface. Be-action 
«f the interior of a planet on its crui^t and surface. Subterranean nui^ 
wiüiout waves of concussion. EurtLquakes dynamic pbeuomena — 
pp. 197-213. 

e. Material products which frequently accompany earthquakes. 
Oaaeous and aqueous springs. SsIseh and mud-volcanoes, Upbeavala 
of the Mil by clastic forceB— pp. 213-226. 

if. Ftre-eniitting mountains. Craters of elevation. Distribution of 
Tolcanoos on the earth — pp. 226-24S. 

e, Tolcanic forces form new kinds of rock, and metemorphoso thoso 
already existing. Geognostical classification of rocks into four groupn. 
Phenomena of contact, Fossiliferoua stiala; their vertical arrangement. 
Tbe fauna« and floras of an earlier world. Distribntion of masses of 
roek— pp. 345-288. 

/ Geognostical epochs which are indicated by the mineralogical dif' 
fereocc of rocks have determined the distribntion of solids and fluids 
Into coDtinents and seas. Tndividnal configuration of solids into hori- 
zontal expansion and vertical e!evatioo. Kclations of area. Articn- 
lotion. Probability of the continued elevation of tlio earth's crust ia 
ridgeif— pp. 288-306. 

S- Liquid and aeriform envelopes of the solid aurfice of our planet. 
Distribulionofbeatinboth. The sea. The tides, Cun-ents and their 
effeete— pp, 306-316. 

h. The aftnosphere, Ita chemical composition. Fluctuations in \ta 

density. Law of the direction of the winds. Mean tcniiiemture, F,nu- 

muration of the causes which tend lo raise and lower the temperature^ 

Vol.!. c 
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CmÜnentel und iiunlar cliioatcs. Eaat and Tcet coasl». Caose of thltiH 
carratiue of the isotbennal lincB. Limits of perpetual imo». Qoaol^i^H 
of Tipour. KIcctri?it7 in Uie a-tmottphcre. Farms of ihe cl(nid»-^^| 
pp. 316-317. ^B 

i. Separation of inorgamc t^rrsetrisl life from the geo^rnphy of vital 
orgiULismB; the geogmpb; of vegetables aod animaU. Pbj^ical gndk- 
liooB of the boman racG^(pp. 347-369). 

fecial Aaaiyeia nflht Delintaiiiin ofNabire, indudittg rffcrtrKta to 
ihe auijecf^ treated of in the Notes. 

1. CtUaiai portion of Ab Crutmoa pp. 87-1*6 

The iinivorEo and all that it comprises — multiform nebuloos spots, 
planetoiy vapour, and nebulous elara. The picturesque charm of n 
Bouäem skr— (note pp. 88-9). Coiyectures on the pusition in space of 
theworld. Our stellar masses. A coamical island. Qauging gtoia. Doable 
stare revolving round a common centre. Distance of the star <i 1 Cygni — 
(p. 72 aud note). Our solar ajstem more complicated than waa conjec- 
tured at the elose of the lairt century. ■ Primary planet« with Neptune, 
Astrea. Hebe, Iris, and Flora, now cuostitute 16; secondary plane» IS; 
myriads of comets, of which many of the inner ones are cncloEted in the 
orbitB of the plnnotfl; n rotating ring (the zodiacal light) and meteoric 
Blonee, probably to be regarded as small rosmical bodies. Tbe teles- 
copic planets, VoBta, Juno, Ceres, Palloe, Aetrca, Hebe, Iris, and Flora, 
with their frequently intersecting, strongly inclined, and more eccentrio 
orbits, constitute a central group of separation between the inner plane- 
tary group (Mercury, Venus, tbe Earth, and Mare), and the enter 
group (Jupiter, Saturn, Uraaus, and Heptune). Cantrasts of those 
planetaiy group«. Relations of distance from one central body. Dif- 
ferences of absolute magnitude, density, period of revolution, coceotti- 
dty and inclination of the orbits lie so-called law of the distanoes 
of the planets from thoir ceutnl sun. The planets which have 
the largest nnmber of moons — (p. SO and note), Kelations in space 
both absolute and relative of the secondary planets. Largest and 
Emailesb of the moons. Greatest approximation te a primary planet. 
Ketrogrcssive movement of the moons of Uranus, Libration of tbe 
Eariih's satellite— (p. 83 and note). Comcta; tbe nucleus and la" 
various forms and directions of the emanations in conoidal envelopes wj 
more or less dense walls. Several tails inclined towards the sun; char 
of form of llie tail; its conjectnred rotation. Nature of light Oo 
tations of the fixed stars by tbe nuclei of comets. Eccentricity of tj 
orbits and periods of revolution. Qreatest distance and greatest 

Sroiimation of comets, Paaaage tiroiigh tbe sj-atem of Jupite ' 
tea. Comets of short periods of revolution, more correctly 
Inner comets (Gokc, Biela, Faye) — (pL 91 and note. ) Revolving a 
lites (meteoric stones, fire balls, falling slara). Their planetarv velod^ 
magnitude, form, observed height. Periodic return in sl.reama " ' 
Kovember stream and the stream of St, Lawrence, Chemical ci 
rition of meteoric asteroids— (p. 117 and note). Ring of * 
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liglit. Limitation of tlie preBcnt bdIot atmosphere — (p. 13D and note). 
Trwwlatory motion of tlic wliole solar ^yiitem — (pp. 135— 13S and note). 
The eziBtence of tbe law of graritatioa bejoud our eolai ajstem. The 
mil^ way of stare and its conjectured breaking up. Mil^ iray of 
aebnloos spots, at right angles with that of the stam Periods of revo- 
lutiODB of M-coloarod double staia. Canopy of stare ; openiliga la tha 
stellar atnttum. Eventa in the unirerse; the apparitjoa of new Btars. 
Propagation of llgbt, the aspect of the starry vault of the heavens eon- 
vejH to the mondän idea of inequality of üme — (pp.130-145 and iioI«b). 
11. Terreiitrial portion of the Cormoa .... pp. 145-3BB 

a. Figure of the earth. Density, qnantity of heat, eloctro-msgnsÜB 
tension, and terrestrial Light — (pp. 1 46-197 and note). Knowledge of 
the compreBSion and eurratnre of the earth's suiface acquired by 
HLeasurement« of degrees, pendulnm oseillations and certain ineqnft' 
litiea in the moon's orbit. Mean density of the earth. The earth's 
cnist, and the depth to which we are able to penutiatc — (p. 151 note). 
Three-fold jnoyement of the heat of Ite earth; Its thermic oondition. 
Law of the increase of heat with the increase of depth — (p. 1S2 and 
note). Hagfoctism electricity in motjac Periodical variation of ter- 
restrial magnetisni. DistarbKoce of the regular oourae of the magnetic 
needle. iCagnetic storms; extension of their action. Manifestations 
of magnetic force on the earth's snrface pTeaent«d under three clagses of 
phenomena; viz.: lines of equal force (isodynamic) ; equal inclinatioa 
(isoelinie); and equal deriation (isogoaie). Position of the magnetic 
pole. Ha probable connection with the poles of cold. Change of all 
the magnetic phenomena of the earth. Erection of magnetic obser- 
vatorira since 1328 ; a fär-eitending net-work of ms^netic stations — 
(p. 184 and note). Development of light at the magnetic polos ; terres- 
trial light as a consequence of the electro-magnetic activity of our 
planet. EleratioQ of polar lighl Whether magnetic storms are ac- 
companied by noise! Connection of polar light (an eleetro-magoelic 
devdopment of light) with the formation of cirrus clouds. Other 
ezomides of the gonentlon of terrestrial light — (p. 197 and note). 

6. The vital BOtivi^ of a piaoet maniteatod from within outward, 
the principal source of geognostic phenomena. Connection between 
merely dynamic concussions or the upheaval of whole portions of the 
earth's crust, accompanied by the effiision of matter, and the gea» 
ratioB of gaseous and liquid fluids, of hot mud and fused earths, which 
Btdidily into roet^. Vulcanic action in. the most general conception ot 
tha idea, is the reaction of the interior of a planet on its outer surtace. 
Harthqnokes. Extent of the circles of commotion and their gradual 
increase. Whether there exists any oonnection between tho chacigcä in 
terrestrial magnetism and the processes of the atmosphere. Koises, 
jmbterranean. thimder without any perceptible concussion. The rocks 
iriiidi modify the propagation of the waves of concussion. TJplieavala ; 
eruption of water, bot steam, mud mofettes, smoke and Hamc during an 
«wthquakE — (pp. 191-214 and notes). 

e, Oloaer eonsidomtion ot material prodaota as a consequence of 
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intemal planelaty activity. There rise from Ibe depths of the earth 
through firaureg and cones of et^ption, TarionB guaes, liquid fluids (pure 
or acidulated), mud mid molteii earths. Volcanoes are a »pccies of 
iatemiLtlADt spring. Temperature of thennnl springs; their coastancj 
and change. Depth of the foci— (pp. SIS-22I and notes). Salses, 
mitd-volcnnoea. Whilst firc-cmilting mounlaina being sources of molten 
earths, produce voleanic rocks, gpring water forma, hy precipitation, 
strata of limestone. Continued generation of gedimentarr coeks — (p. 
2Se and note). 

d. Dirersily of volcanic elevations. Dome-lika closed tracliytio 
moontaiiiB. Actual volcanoes which arc formed from cralerH of eleva- 
tion or among Ibe detritus of their original structure. Permiuient con- 
necIioQ of the interior of our earth with the atmosphere. Relation to 
certain roeka. Influence of Ui« relations of height on the frequeacj 
of the eruptions. Height of tbo cone of cinders. Charseteriatics of 
those volcaaoea which rise alrave the saow-line. Columns of ashes and 
fire. Volcanic storm during the eniption. Minora! composition of 
lavas — (p. 231 and notes). Distribution of volcanoes on the earth's 
sarücB; central and linear volamoes; Insular and littoral volcanoes. 
Kslanee of rolcanoes from the aea^oast. Eitinutioa of volcanic force« 
— (p. 246 and notes). 

e. Relation of volcanoes to the character of rocks. — Volcanic Jorccs 
form new rocks, and mcLimorpiiose tbc more ancient ones. The stBdj' 
oCthese relatjona leads bj a douhle courso to the mineral portion of 
geognosy, (the study of the textures and of the potion of the earth's 
Btnls), and to the configuration of continents and insular gronpa ele- 
vated above the level of the sea (the study of the geographical form 
and outlines of the diftbrent parts of the carih.) Claasifioation of rocks 
according to the scale of the phenomena of structure and mclamorpho^, 
which are still passing liefore our eyes. Rocks of eruption, sedimentary 
rocks, changed (metamorphosed) rocks, conglomerates — compoiitid rocks 
are definite associations of oryctognoslically simple fossils. There are 
four phases in the formative condition; rocks of eruption, endogenous 
(granite, sienilo, porphyry, greenstone, byperathene, rook, euphotide, ms- 
laphyre, basalt, and phonolitho) ; sedimentary rocks (ülurian sehist, coal 
measures, lime stone, travertine, infusorial deposit); metamorphoEed 
rock, which confsins also together with the detritus of the roeka of 
wnption and sedimentär; rocks, the remains of gneiss, mica schist, and 
more ancient mctamorphic maases. Aggregate and sandstone forma- 
tions. The phenomenon of contact explained by the artificial imita- 
tion of minerals. Effects of pressure and the various rapidity of 
cooling. Origin of granular or saccharoidal marble, silicification of 
Bchist into ribbon jasper. Mietamorpho^ of calcareous marl into 
micaceous schist through granite. Conversion of dolomite and gi» 
nite into argiliaceons schist, hy contact with basaltic and doleritic 
rocks. Filling up of the veins from below. Processes of cameE- 
tation in agBlomerate structures. Friction conglomerates— (p. 271 
and note). Relative age of rocks, chronomctry of the earth's cnut 
.josailiterons strata. Relative age of orgiinisms. Simplicity of the first 
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Tjtal fonn«. Dcpendance of phyaiologieal gradationB on the age of Iho 
ronnnUons. Gcognostic horizon, ivkoae careful inveaiigatioD may yield 
certain data regardinB the idcnWtj or Iho rohitive age of formations, 
the periodic rcuurrcuce of certain. strata, their paralleliam, or their total 
enppreBsion. Tj~pe8 of the scdimenlar)' atriictures considered in their 
moat ^mplc and general charaetera ; ailiirian and devonian fonnatiooa 
(fbnnerl; known as rocka of tranrntioii) ; the lower triaa (mountain 
lime-atone, coal-meaearca, together nith lodtlifgende and leehHtein); 
the upper trias (hunter sandetone, muM^helkulk, imd keuper) ; Jura lime- 
alone (liaa and oolite); free-atono, lower and upper chalk, as the IsEt 
of Ihe fiStz strata, which begin trith mountain limestone; Icrtiai? 
fbrmationa in three diriaiona, whicb arc ilesignatcd bj granular liue- 
Btone, lignite, and south apenniue gisvcl — pp. 271-280. 

The tilDnas and flotaa of an earlier world, and their relationa to exiat- 
ii^ organisTOB. Coluaeal honca of antediluvian mammsiia in the upper 
alluvium. Vegetation of an earlier world; monumenla of the history 
of its T^ctation. The points at which certnin vegetahle groups atlain 
their maximum ; cycadeie in the keuper and lias, and conifene in the 
bnnler aandstone. Lignite and coal measurca (amber-treej. Deposition 
of larRi! masses of rock ; doubtsregarding their origin — p. 288 and note. 

J", The knowledge of geognoatic epoclis — of the upheaval of mountain 
ahains and elevated plateaux, by which landa are both formed and 
ilealroyod, leads, by an internal causal connection, to Ihe diatributioa 
into solidg aod fluida, and to tbo peculiarities in the natural configura- 
tion of the earth's surfaee. Ejiiating areal relations of the BoUd to the 
fluid differ considerably from those p reaented by the maps of the phyai- 
cat portion of a more ancient geography. Imponancc of the eruption 
of quartzDse porphyiy with reference to the then existing configuratiOD 
of conlinenlal maas«a. Individual conformation in horizontal extension 
(reiations of articulation), and in vertical elevation (bypaometrical 
viewa). Influence of the relations of the area of land and sea on ihe 
temperature, direction of the Triude, abundance or scarcity of organic 
prodacte, and on all meteorological proceBsea collectively. Direction 
of the miyor axes of continental masses. Articulation and pyramidal 
termination towards the BOnlh. Sories of peninsulas. Valley-like 
formation of the Atlaßtie Ocean. Forma which frequently recur — 
pp. 2SS-2S7 and notes. Kamilicationa and systems of mountain chains, 
and the means of determining their relative ages. Attempts to deter- 
mine the oontrc of gravity of the volume of llic lands upheaved above 
the level of the sea. The elevation of continents is etill pragresaiug 
alowly, and is being compensated for at some definite pointa by a por- 
ceptibte sinking. All geognoatic phenomena indicat« a periodical 
alternation of activity in the interior of our planet. Frohabillty of new 
elevalions of ridges — pp. 297-306 and notes. 

g. The solid surface of the earth has two envelopes, one liquid, and the 
etber aenform. Contrasts and analogies which these envelopea—the sea 
and Ihe atmoapbere — present in their conditiona of oggr^ation and elec- 
tricity, and in their relations of currcnts and temperature. Depths of lb« 
omiaaandof the atmosphere, the ahonls of which constitute our iughland* 
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and momitajn eludnK, Tbedegrec ofkeatnttheEiir&ceof these 
rent latitudes and in the lower atrata. Tendency of the sea to 
the temperatare of the gorfaco in the Itrsta nearest to the fttanosplM 
in canflegnciice of the mobiliCy of its parüoles, and the alteration ic 
deneit;. Muiimum of the denütj of salt imtcr. Position of the a 
of those hottest water, and of the having the gteatflst «aline eonl« 
Thermic influence of the loirer polar euirent imd the counter-cum 
in the Btmite of the sea — pp. 306-309 and notes. General tevcl of l| 
sea, and permanent local diBturfcancBB of equilibrium ; the perioJ 
diBturlnnceg manileeted as tides. (.Iceanic cnrreDte ; the equatorial ■ 
rotation current, tlie Atlantic warm Oulf-etieam, and the furthor IT 
palee vhitji it receives; the cold Pemvian stream in tho □ 
of the Pacific Oecan of the Bouthem zone. Temperature of ehoats, 
nniveräSl diflusion of lilb in tba oc«an. Influence of the Email 
marine sylvan region at the bottom of beda of rooted algK, o 
br-extendlng floating layers of fhcus — pp. 309-316 and notes. 

h. The gaseooB envelope of onr planet, the atmosphere. Ch 
compositiou of the atmosphere, itE transparency, its polariratioii. 
Bore, tempciAtai«, humidity, and electric teDUon. Eelation of oxygen 
to nitrogen; ajnonnt of cärhonic acid; earhorctted hydrogen; amuo- 
niocal vapoun. Iliaimata. Regular (horary) ehangea ia the pies- 
Borc of liio atmosphere. Mesa barometrieal height at the level of 
the eea tn difi'erent lones of the earth. leobarometrical corves. Baro- 
metrical windrogea Law of rotation of the winds, and ita importanee 
with reference to the knowledge of many meteorological procoaicB. 
Lnnd and sen winds, trade winds and monsoons— pp. 316-322. Climatic 
distribution of heat in the atmosphere, as the effect of the relative poid- 
tiim of transparent and opaque msssea, (flnid and solid superficial area,) 
and of the hypsometrical coofiguiatioo of eantineots. Curvature of the 
isothermal lines in a horizontal and yertjcal direction, on the earth's sur- 
face and in the superimposed strata of air. Conrexi^ and concavity of 
the isothermal lines. Mean heat of the year, aeosons, monlhs, and days. 
Ennmaration of tie cansea whieii produce distorbmicoB in the form of 
the isothermal lines, i. e, (heir delation from the position of the geogra- 
phical pamlleU. Isochimenal and isotheral lines are the lines of equal 
winter and summer heat, Cansea which nuse or lower the temperature. 
Hadiation of the earth's surface according to ite inclination, colour, 
denaity, dryness, and ehomical composiüon. The form of the cloud 
which announces what is passing in the upper strata of the atmosphere 
is the image of the siroiigly radiating ground projected on a hot sum- 
mer sky. Oontrast between an Lnsular or littoral elimate, Euah as is 
experienced by all deeply-articulated coatinenta, and the climate of the 
interior of large tnuits of land. East and west cooate. Difibrenee be- 
tween the southern and northern hemispheres. Thermal scales of oniH- 
Tated plants, going down from the vanilla, cseoa,andniuBaceie,t« citrons, 
and olives, aod to vines yielding potable wines. The influence which 
these scales exercise on the geographical distribution of cultivated plants. 
The üivonrable ripeningand the inrimaturity of fmits are essentially influ- 
eaeedbf the dIBetvace in the action of direct or scattered light in a 
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dar Aj, or in one Dvertait wilh mist. Gcnecal aommary of the caoua 
rtich jield a more genial vlimale to the greater portion ot Europa 
«coridured aa the western peoingnla otAaia — p, 333. Delermiiiatjon 
tt Uia cliaiigeB in the Dnean onnmU and ennuDer temperature, which 
umqHtad. lo one degree of geogiaphkal latitude. EquAlity of the 
nwiL temperature of a mountaiu etaiioa, and of the polar distance of 
»aj point lying at the level of the aea. UeoresBe of Ifimperature wilh 
(lie decrease in cleTsüon. Limits of perpetnal anon', and the fluctua- 
tiam in liiese limits. Canses of disturbanee in the regularity of the 
lÄenomenon. Northern and Bouthem chains of the Himalaya ; habita- 
tiUtj of the. elevated plateaux of Thibet — p. 333. Quantity of moisture 
io Ibe atmosphere according to the hours of the day, the seasona of the 
jMi, d^freea of latitude, and elevation.. Greatest diyness of the atmo- 
tfbeK obaerved in Northern Asia between the river districts of the 
li^rch and the Obi. Dew, a eansequencc of radiation. Quantity of 
nin — p. 342. Eleotridty of the atmoi^phere, and disturbanee of tbo 
dtctric tenaioD. Geographical distribution of storms, Predelermiua- 
Üiai of atmospheric changes. The most important climatic dieturijancea 
tsinot be ttnced at the place of obacrvatjon to any local cause, but are 
lather the conaequence of some ocenrrence by which the equilibrium in the 

oapheric currents h^ been destroyed at some cooeiderable distance. 

Fbyseal geography is not limited to elementary inorganic terres- 
mal life, but, elevated to a higher point of view, it embraces the sphere 
of organic life, and the numerona gradations of ita typical development. 
Jnlmal and vegetable life. General difiusion of life in the sea and on 
the land; microaeopic vital forms discovered in the polar ice no lefslhan 
in the depths ot the oc«an witliin the Civpics. Extension imparted to the 
boriwn of life by Ehrcuborg's discoveries. Estimation of the mass 
(volume) of animal and vegetable organiBroa —pp. 347-356. Geography 
of plante and animals. Jtigrations of organiams in the ovum, or by 
means of oigans capable of spontaneous motion. Spheres of distribution 
depending on climatic relations. Kegiona of vegetation, and claaaification 
of the genera of animals, isolated and social living plants and animals. 
Tlie diaracler of floras and faunas is ~ * ' 
pTedomlnance of separate families 1 
ihe bigihly complicated relations of the g 

the rdative numorical value of tJielr species. The forms of natural 
Ämilie« which increase or decrease from the equator to the poles. Inves- 
tigstiooa into the numerical relation existing la different districts of the 
euth between each one of the largo ämiliea to the whole masa of phane- 
ngmis — pp, 353-600. The human race considered according to its 
pfajviaal gradations, and tho geographical distribution of its simullane- 
oad;r WKluring types. Races and varieties. All races of men are forma 
of one tingle Epeeies. Unity of the human race. Languages considered 
M the intellectnal creations of mankind, or as portions of tho history of 
mental activity manifest a character of nDtiooallty, alibough certain hia- 
torieü occurrences iiave been the means of diffusing idioms of the 
woe family ot languages amongst nations of wholly diSercnt d ~ 
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REFLECTIONS ON THE DIFFERENT DEGREES OF ENJOY- 
MENT PRESENTED TO US BY THE ASPECT OF NATURE, 
AND THE STUDY OF HER LAWS. 

Iir attempting, after a long absence from my native coimtry, 
to develope Üie physical phenomena of the globe, and the 
simultaneous action of the forces that pervade the regions of 
space, I experience a twofold cause of anxiety. The subject 
before me is so inexhaustible and so varied, that I fear either 
to £all into the superficiality of the encyclopaedist, or to weary 
the mind of my reader by aphorisms consisting of mere gene- 
ralities clothed in dry and dogmatical forms. Undue concise- 
ness often checks the flow of expression, whilst di&seness is 
alike detrimental to a clear and precise exposition of our ideas. 
Nature is a free domain ; and the profoimd conceptions and 
enjoyments she awakens within us can only be vividly deli- 
neated by thought clothed in exalted forms of speech, worthy 
of bearing witness to the majesty and greatness of the creation. 
In considering the study of physicsd phenomena, not merely 
in its bearings on the material wants of life, but in its general 
influence on the intellectual advancement of mankind, we 
And its noblest and most important result to be a knowledge 
of the chain of connection, by which all natural forces are linked 
together, and made mutually dependent upon each other ; and 
it is the perception of these relations that exalts our views 
and ennobles our enjoyments. Such a result can, however 
only be reaped as the fruit of observation and intellect, com- 
bined with the spirit of the age, in which are reflected all 
the varied phases of thought. He who can trace, through 
by-gone times, the stream of our knowledge to its primitive 
ftouroe, will leum from history how, lor thousands of years, mau 
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has laboured, amid the ever-recurring changes of form, to 
recognise the invarLability of natural laws, and has thus by 
the force of mind gradually subdued a great portion of the phy- 
sical world to his dominion. In interrogating the history of 
the past, we trace the mysterious course of ideas yielding the 
first glimmering perception of the same image of a Cosmos, 
or harmoniously ordered whole, which, dimly shadowed forth 
fo the human mind in the primitive ages of the world, is now 
fully revealed to the maturer intellect of mankind as the 
result of long and laborious observation. 

Each of Äese epochs of the contemplation of the external 
world — the earliest dawn of thought, and the advanced stage 
of civilisation — ^has its own source of enjoyment. In the 
former, this enjoyment, in accordance with the simplicity 
of the primitive ages, flowed from an intuitive feelmg ai 
the order that was proclaimed by the invariable and suc- 
cessive re-appearance of the heavenly bodies, and by the 
Srogressive development of organised beings ; whilst in the 
tter, this sense of enjoyment springs from a definite know- 
ledge of the phenomena of nature. When man b^an to 
interrogate nature, and, not content with observing, learnt 
to evoke phenomena under definite conditions ; when onoe he 
sought to collect and record &cts, in order that the fruit of 
his labours might aid investigation after his own brief exist- 
ence had passed away, Üie philosophy of Nature cast aside the 
vague and poetic garb in which she had been enveloped fr(»n 
her oiigio, and having assumed a severer aspect, she now 
weighs the value of observations, and substitutes induction 
and reasoning for conjecture and assumption, llie dogmas 
of fbimer ages survive, now only in the superstitions of the 
people and the prejudices of Helq ignorant, or are perpetuated 
in a few systems, which, conscious of their weakness, shrood 
themselves in a veil of mystery. We may also trace the same 
primitive intuitions in languages exuberant in figurative 
expressions; and a few of the best chosen symbols engendered 
by the happy inspiration of the earliest ages, having by 
degrees lost their vagueness through a better mode of inter- 
pretation, are still preserved amongst our scientific terms. 

Nature considered raiionallf/, that is to say, submitted to 
the process of thought, is a unity in diversity of phenomena ; 
a hsu*mony, blending together all created things, however dis- 
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rimilar in form «nd attributes; one great whole {r6 waif) 
animated by the breath <^ life. The most important result 
of a rational inquiry into nature is, tiierefore, to establish 
the unity and harmony of this stupendous mass of force and 
matter, to determine with impartial justice what is due to the 
disooveries of the past and to those of the present, and to 
analyze the individual parts of natural phenomena without 
succumbing beneath the weight of the whole. Thus, and 
thus alone, is it permitted to man, while mindful of the high 
destiny of his race, to comprehend nature, to lift the veil that 
shrouds her phenomena, and, as it were, submit the results 
of observation to the test of reason and of intellect 

In reflecting upon the different degrees of enjoyment pre- 
sented to us in the contem{dati(m of nature, we find that the 
first place must be assigned to a sensation, winch is wholly 
independent of an intimate acquaintance with the physical 
phenomena presented to our view, or of the pecuhar cha- 
racter of the region surrounding us. In the uniform plain 
bounded only by a distant horizon, where the lowly heather, the 
cistus, or waving grasses, deck the soil ; on the ocean shore, 
where the waves, softly rippling over the beach, leave a track, 
green with the weeds of the sea; everywhere, the mind 
IS penetrated by the same sense of the srandeur and vast 
expanse of nature, revealing to the soul, by a mysterious 
inspiration, the existence of laws that regulate the forces of 
the universe. Mere communion with nature, mere contact 
with the firee air, exercise a soothing yet strengthening influ- 
enoe on the wearied spirit, calm the storm of passion, and 
soften the heart when shaken by sorrow to its inmost depths« 
Everywhere, in every region of the globe, in every stage of 
intellectual culture, the same sources of enjoyment are alike 
vouchsafed to man. The earnest and solemn thoughts awakened 
by a communion with nature intuitively arise from a presen- 
timent of the order and harmony pervading the whole uni- 
verse, and from the contrast we draw between the narrow 
limits of our own existence and the image of infinity revealed 
on every side, whether we look upwards to the starry vault 
of heaven, scan the fer-stretching plain before us, or seek to 
trace the dim horizon across the vast expanse of ocean. 

Hie contemplation of the individual characteristics of the 
landscape, -and of the confbrmation of the land in any definite 

s2 
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region of the eartn, gives rise to a different source of enjoy- 
ment, awakening impressions that are more viVid, better 
defined, and more congenial to certain phases of the mind, 
than those of which we have already spoken. At one time 
the heart is stirred by a sense of the grandeur of the fitce of 
nature, by the strife of the elements, or, as in Northern Asia, 
by the aspect of the dreary barrenness of the far-stretching 
steppes ; at another time, softer emotions are excited by the 
contemplation of rich harvests wrested by the hand of man 
from the wild fertility of nature, or by Üie sight of human 
habitations raised beside some wild and foaming torrent. 
Here I regard less the degree of intensity, than the difference 
existing in the various sensations that derive their charm and 
permanence from the peculiar character of the scene. 

If I might be allowed to abandon myself to the recollec- 
tions of my own distant travels, I woidd instance, among the 
most striking scenes of nature, the calm sublimity of a tropical 
night, when the stars, not sparkling, as in our northern ädes^ 
shed their soft and planetary light over the gently-heaving 
ocean ;— or I would recall the deep valleys of the Cordilleras, 
where the tall and slender palms pierce the leafy veil aroimd 
them, and waving on high , their feathery and arrow-like 
branches, form, as it were, " a forest above a forest ;"* or I 
would describe the simmiit of the Peak of Teneriffe, when a 
horizontal layer of clouds, dazzling in whiteness, has separated 
the cone of cinders from the pMn below, and suddenly the 
ascending current pierces the cloudy veil, so that the eye of 
the traveller may range from the brink of the crater, along the 
vine-clad slopes of Orotava, to the orange-gardens and banana- 
groves that skirt the shore. In scenes like these, it is not the 
peacefrd charm uniformly spread over the face of nature that 
moves the heart, but rather the peculiar physiognomy and con- 
formation of the land, the features of the landscape, the ever- 
Tarying outline of the clouds, and their blending with the 
horizon of the sea, whether it lies spread before us like a 
smooth and shining mirror, or is dunly seen through the 
morning mist. All that the senses can but imperfectly com- 
prehend, all that is most awfrd in such romantic scenes of 
nature, may become a source of enjoyment to man, by open- 

* This expression is taken from a beautifid description of tropical 
teort Bceneiy in Paul and VirffiniOf by Bemardin de Saint Pierre. 
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ing a wide field to the creatiye powers of his imagination. 
Impressions change with the yarying movements of the mind, 
and we are led by a happy illusion to believe that we receive 
from the external world that with which we have ourselves 
invested it. 

When far from our native coimtry, after a long voyage, we 
tread for the first time the soil of a tropical land, we experi- 
ence a certain feeling of surprise and gratification in recog- . 
nising, in the rocks that siuroimd us, the same inclined schistose 
strata, and the same columnar basalt covered with cellular 
amygdaloids, that we had left in Europe, and whose identity 
of character, in latitudes so widely difierent, reminds us, that 
the solidification of the earth's crust is altogether independent 
of climatic influences. But these rocky masses of schist and of 
basalt are covered with vegetation of a character with which 
we are unacquainted, and of a physiognomy wholly unknown 
to us ; and it is then, amid the colossal and majestic forms of 
an exotic flora, that we feel how wonderfully the flexibility of 
our nature fits us to receive new impressions, linked together 
by a certain secret analogy. We so readily perceive the 
affinity existing amongst all the forms of organic life, that 
although the sight of a vegetation similar to that of our 
native country might at first be most welcome to the eye, as 
the sweet fiuniliar sounds of our mother tongue are to the ear, 
we nevertheless, by degrees, and almost imperceptibly, become 
&miliarised with a new home and a new climate. As a true 
citizen of the world, man everywhere habituates himself to 
that which surroimds him ; yet fearftil, as it were, of breaking 
the links of association that bind him to the home of his child- 
hood, the colonist applies to some few plants in a ßir distant 
dime the names he hiad been ^miliar with in his native land ; 
and by the mjrsterious relations existing amongst all types of 
organisation, the forms of exotic vegetation present them^ 
selves to his mind as nobler and more perfect developments of 
those he had loved in earlier days. Thus do the spontaneous 
impressions of the imtutored mind lead, like the laborious 
deductions of cultivated intellect, to the same intimate per- 
suasion, that one sole and indissoluble chain binds together all 
nature. 

It may seem a rash attempt to endeavour to separate, into its- 
different elements, the magic power exercised upon our minds 
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by the physical world, since the character of the landscape, and 
of every imposiDg scene in natvire, depends so materially upon 
the mutual relaticm of the ideas and sentiments simultaneously 
excited in the mind of the obsenrer. 

The powerful eJffect exercised by nat ire springs, as it were, 
from the connection and unity of the impressions and emotions 
produced ; and we can only trace their different sources by 
.analysing the individuality of objects, and the diversity of 
forces. 

The richest and most varied elements for pursuing an 
analysis of this nature present themselves to the eyes of 
the traveller in the scenery of Southern Asia, in the Great 
Indian Archipelago, and more especially, too, in the New 
Continent, where the supoimits of the lofty Cordilleras pene- 
trate the confines of the aerial ocean surroimding our globe, 
and where the same subterranean forces that once raised these 
mountain chains, stiU shake them to their foimdation and 
threaten their downfall. 

Graphic delineations of nature, arranged according to sys- 
tematic views, are not only suited to please the imagination, 
but may also, when properly considered, indicate the grades 
of the impressions of which I have spoken, from the uni- 
formity of tiie sea-shore, or the barren steppes of Siberia, to 
the inexhaustible fertility of the torrid zone. If we were 
even to picture to ourselves Mount Pilatus placed on the 
Schreckhcxm,^ or th^ Schneekoppe of Silesia on Mont Bknc, 

* These comparisons are only approximative. The several ekvatioiiff 
above the level of the sea are, in accurate numbers, as follows : — 

The Schneekoppe or Riesenkoppe, in Silesia, about 5^270 feet, accord- 
ing to Hallaschka. The Righi 5,902 feet, taking the height of the Lake 
of Lucerne at 1426 feet, according to Eschman. (See Compte Rendu de» 
Metures Trifffmomitriquea en Suiase^ 1840, p. 230.) Mount Athos 6,775 
feet, according to Captain Gaultier; Mount Pilatus 7,546 feet; Mount 
Etna 10,871 feet, according to Captain Smyth; or 10,874 feet, according 
to the barometrical measurement made by Sir John Herschel, and com- 
municated to me in writing in 1825, and 10,899 feet, according to 
angte» of altitude taken by Cacciatore at Palermo (calculated, by assuming 
the terrestrial refraction to be 0*076); the Schreckhom 12,383 feet; the 
Jungfrau 13,720 feet, according to Tralles ; Mont Blanc 15,775 feet, 
according to the different measurements considered by Roger {Bibl, 
Univ,y May, 1828, pp. 24 — 53), 15,733 feet, according to the measurements 
taken from Mount Columbier by CarHni, in 1821, and 15,748 feet, as 
mMiwed by the Austrian engineen from Trelod and the Glacier d' Ambin« 
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we should not have attained to the height of that great Colos- 
8U8 of the Andes, the Chimborazo, whose height is twice that 
of Mount Etna ; and we must pile the Eighi, or Mount Athos, 
on the summit of the Chimborazo, in order to form a just 
estimate of the eleyation of the Dhawalagiri, the highest point 

The actual height of the Swiss mountaiDS flactuates, according to 
Esdunan's obsenrations, as mach as 25 English feet, owing to the varying 
thickness of the stratum of snow that covers the summits. Chimborazo 
is, according to my trigonometrical measurements, 21,421 feet, (see Hum- 
boldt, Jlecueil d'Obs, Astr,, tome i., p. 73), and Dhawalagiri 28,074 
feet. As there is a difference of 445 feet between the determinations of 
Blake and Webb, the elevation assigned to the Dhawalagiri, Tor white 
mountain from the Sanscrit dhawalüf white, and ffiri, mountain), cannot 
be received with the same confidence as that of the Jawahir. 25,749 feet, 
ance the latter rests on a complete trigonometrical measurement, (see 
Herbert and Hodgson in the Asiat, Res.f vol. xiv., p. ]89, and Suppl. to 
EncycL Brit, vol. iv., p. 643.) I have shown elsewhere {Ann. des 
Sciences Naturelles^ Mars, 1825,) that the height of the Dhawalagiri 
(28,074 feet) depends on several elements that have not been ascertained 
with certainty, as azimuths and latitudes, (Humboldt, Asie Centrale t t. iii., 
p. 282). It has been believed, but without foundation, that in the Tar- 
taric chain, north of Thibet, opposite to the chain of Kouen-Iun, there 
are several snowy summits, whose elevation is about 30^000 English 
feet, (almost twice that of Mont Blanc,) or, at any rate, 29,000 feet, (see 
Captain Alexander Gerard's and John Gerard's Journey to the Boorendo 
Pass J 1840, vol. i., pp. 143 and 311). Chimborazo is spoken of in the 
text only as or^ of the highest summits of the chain of the Andes ; for in 
the year 1827, the learned and highly gifted traveller, PenÜand, in hia 
memorable expedition to Upper Peru (Bolivia), measured the elevation of 
two mountains situated to the «ist of Lake Titicaca, viz., the Sorata 
25,200 feet, and the Illimani 24,000 feet, both greatly exceeding the 
height of Chimborazo, which is only 21,421 feet, and being nearly equal in 
elevation to the Jawahir, which is the highest mountain in the Himalaya, 
tiiat has as yet been accurately measured. Thus Mont Blanc is 5,646 
feet below Chimborazo; Chimborazo 3,779 feet below the Sorata; the 
Sorata 549 feet below the Jawahir, and probably about 2,880 feet below 
the Dhawalagiri. According to a new measurement of the Illimani, by 
Pentland, in 1838, the elevation of this mountain is given at 23,868 feet, 
varying only 133 feet from the measurement taken in 1827. The 
elevations have been given in this note with minute exactness, as erroneous 
numbers have been introduced into many maps and tables recently pub«, 
lished, owing to incorrect reductions of the measurements. 

[In the preceding note, taken from those appended to the Introduction 
in the French Translation, rewritten by Humboldt himself, the measure- 
ments are given in metres, but these have been converted into English feet 
kit the greater convenience of the general reader.]-^ 2V. 
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of the Himalaya. But although the mountains of India greaUy 
surpass the Cordilleras of South America, by their astonishing 
elevation, (which after being long contested has at last been 
confirmed by accurate measurements,) they cannot, firom their 
geographical position, present the same inexhaustible variety 
of phenomena by which the latter are characterised. The 
impression produced by the grander aspects of nature does 
not depend exclusively on height. The chain of the Himalaya 
is placed fisur beyond the limits of the torrid zone, and scarcely 
is a solitary palm-tree to be found in the beautiful valleys 
of Kiunaoun and Gai-hwal.* On the southern slope of the 
ancient Paropamisus, in the latitudes of 28® and 34°, nature 
no longer displays the same abundance of tree-ferns, and 
arborescent grasses, heliconias and orchideous plants, which 
in tropical regions are to be found even on the highest plateaux 
of the mountains. On the slope of the Himalaya, under the 
shade of the Deodora and the broad-leaved oak, peculiar to 
these Indian Alps, the rocks of granite and of mica schist are 
covered with vegetable forms, almost similar to those which 
characterise Europe and Northern Asia. The species are not 
identical, but closely analogous in aspect and physiognomy, as 
for instance, the juniper, the alpine birch, the gentian, the 
marsh pamassia, and the prickly species of Kibes.f The 

* The absence of palms and tree-ferns on the temperate slopes of the 
Himalaya is shown in Don's Flora NepaleimSy 1825, and in the remark- 
able series of lithographs of Wallich's Flora Indica^ whose catalogue 
contains the enormous nnmber of 7,683 Himalaya species, almost all 
phanerogamic plants, which have as yet been but imperfectly classified. 
In Nepaul (lat. 264** to 27^^) there has hitherto been obsenred only one 
species of palm, Chamerops martiana, Wall. {Planta Asiat, y Ub. iii., pp.5, 
211), which is found at the height of 5,250 English feet above tbe level 
of the sea, in the shady valley of Bunipa. The magnificent tree-fern, 
Alsophila brunoniana, Wall, (of which a stem 48 feet long has been in the 
possession of the British Museum since 1831) does not grow in Nepaul, 
but is found on the mountains of Silhet, to the north-west of Calcutta, 
in lat. 24^ 50'. The Nepaul fern, Paranema cyathöides, Don, formerly 
known as Spheropterabarbata, Wall. {Plantis Arial, t lib. i., pp. 42,48) is, 
indeed, nearly related to Cyathea, a species of which I haxe seen in 
the South American Missions of Caripe, measurinsr 33 feet in height; this 
is not, however, properly speaking, a tree. 

t Ribes nnbicola, R. glaciale, R. grossularia. The species whidi 
compose the vegetation of the Himalaya are four pine-s, notwithstanding 
the assertion of the ancients regarding Eastern Asia (Strabo, lib. 11» 
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chain of the Himalaya is also wanting in the imposing pheno- 
mena of volcanoes, which in the Andes and in the Indian 
Archipelago often reveal to the inhabitants, imder the most 
terrific forms, the existence of the forces pervading the interior 
of onr planet. 

Moreover, on the southern declivity of the Himalaya, where 
the ascending current deposits the exhalations rising from a 
vigorous Indian vegetation, the region of perpetual snow 
b^ins at an elevation of 11,000 or 12,000 feet above the 
level of the sea,^ thus setting a limit to the development of 

p. 510, Cas.), twenty-fiTe oaks, four birches, two chesnuts, seven maples, 
twelTC willows, fourteen roses, three species of strawberry, seven species 
of Alpine roses {rhododendra), one of which attains a height of 20 feet, 
and many other northern genera. Large white apes, having black faces, 
inhabit tiie wild chesnnt-tree of Kashmir, which grows to a height of 
100 feet, in lat. Z^* (see Carl Von Hügel's Kaschmir^ 1840, 2nd pt, 
249.) Among the conifers, we find the Finns deodwara, or deodara (in 
Sanscrit, diwa-daru — the timber of the gods), which is nearly alhed to 
Finns cedras. Near tlie limit of perpetual snow, flourish the large and 
showy flowers of the Gentiana venusta, 6. Moorcroftiana, Swertia pur- 
purescens, S. speciosa, Famassia armata, F. nubicola, Foeonia Emodi, 
Tulipa stellata ; and, besides varieties of European genera peculiar to these 
Indian mountains, true European species, as Leontodon taraxacum, Fru- 
nella vulgaris, Galium aparine, and Thlaspi arvense. The heath men- 
tioned by Saunders, in Turner's Travels f and which had been confounded 
with CaUuna vulgaris, b an Andromeda, a fact of the greatest importance 
in the geography of Asiatic plants. If I have made use, in this work, of 
tiie unphilosophdcal expressions of European genera, European species, 
growing wild in AsiOf &c., it has been in consequence of the old botanical 
language, which instead of the idea of a large ^semination, or rather of 
the co-existence of oi^;anic productions, has dogmatically substituted the 
fidse hypothesis of a migration, which from predilection for Europe, is 
further assumed to have been from west to east. 

* On the southern declivity of the Himalaya, the limit of perpetual snow 
18 12,978 feet above the level of the sea ; on the northern declivity, or 
rather on the peaks which rise above the Thibet, or Tartarian plateau, 
this limit is at 16,625 feet from 30^*" to 32'' of latitude, whilst at the 
equator, in tiie Andes of Quito, it is 15,790 feet. Such is the result I 
have deduced from the combination of numerous data furnished by 
Webb, Gerard, Herbert, and Moorcroft. (See my two memoirs on the 
mountains of India, in 1816 and 1820, in the Ann, de Chimie et de Phy» 
tique, t. iii. p, 303, t. xiv. pp. 6, 22, 50.) The greater elevation to which 
the limit of perpetual snow recedes on the Tartarian declivity is owing to 
the radiation of heat from the neighbouring elevated plains, to the purity 
of the atmosphere, and to the infrequent formation of snow in an air 
which 11 both yery cold and very dry. (Humboldt, Atie Centralet t. iii» 
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organic life in a zone that is nearly 3000 feet lower tBaa 
that to which it attains in the equinoctial region of tlie Cor- 
dilleras. 

But the countries bordering on the equator possess another 

pp. 281-326.) My opinion on the difference of height of the snow-line on 
the two sides of the Himalaya has the high authority of Colebrooke in its 
favour. He wrote to me in June, 1824, as f<^ow8 : — " I also find, from 
the data in my possession, that the elevation of the line of p«7)etual snow 
is 13,000 feet. On the southern decUvity, and at lat. 31'', Webb's mea- 
surements give me 13,500 feet, consequently 500 feet more than, the 
height deduced from Captain Hogdson's observations. Gerard's mea- 
surements fully confirm your opinion that the line of snow is higher on 
the northern than on the southern side." It was not until the present 
year (1840) that we obtained the complete and collected joam^L of the 
brothers Gerard, published under the supenriskm of Mr. Lk>yd. (iVirrra- 
iive of a Journey from Caumpoor to tk§ Boorendo Pa9$t in the Hhnaktytt, 
by Captain Alexander Gerard and John Gerard j edited by George Lioydy 
vol. L pp. 291, 311, 320, 327, and 341.) Many interesting details le- 
garding some localities may be found in the narratiye of A tfieit to the 
Shatoolyfor the purpose ofdetemuning the line ^perpetual enow on the 
southern/ace of the Himalayaf in August, 1822. Unfortunately, how- 
ever, these travellers always confound the elevation at which sporadic 
snow falls, with the maximum of the height that the snow-line attains on 
the Thibetian plateau. Captain Gerard distinguishes between the summits 
that rise in the middle of the plateau, where he states the elevation of the 
snow-line to be between 18,000 and 19,000 feet, and the northern slopes 
of the chain of the Himalaya, which border on the defile of the Sutiedge, 
and can radiate but little heat, owing to the deep ravines with which they 
are intersected. The elevation of the village of Tangno is given at only 9300 
feet, while that of the plateau surrounding the sacred lake of Manasa is 1 7 ,000 
feet. Captain Gerard finds the snow-line 500 feet lower on the northern 
slopes, where the chedn of the Himalaya is broken through, than towards 
the southern declivities facing Hindostan, and he there estimates the line of 
perpetual snow at 13,000 feet. The most striking differences are presented 
between the vegetation on the Thibetian plateau, and that characteristic 
of the southern slopes of the Himalaya. On the latter the cultivation 
of grain is arrested at 9974 feet, and even there the com has often to 
be cut when the blades are still green. The extreme limit of forests 
of tall oaks and deodars is 11,960 feet ; that of dwarf birches ) 2,983 
feet. On the plains, Captain Gerard found pastures up to tbß 
height of 17,000 feet; the cereals will grow at 14,100 feet, or even at 
18,540 feet ; birches with tall stems at 14,100 feet, and copse or brush- 
wood applicable for fuel is found at an elevation of upwards of 17,000 
feet, that is to say, 1280 feet above the lower limits of the snow-line at the 
equator, in the province of Quito. It is very desirable that the mean 
elevation of the Thibetian plateau, which I have estimated at only about 
SZW> feet between the Himalaya and the Konen-Luni and the diffcrrnco in 
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advantage, to Tiidch sufficient attention has not hitherto been 
directed. This portion of the surface of the globe aflfords in 
the smsdlest space the greatest possible yariety of impressions 
from the contemplation of nature. Among the colossal moun- 

the height of the UAe of perpetual snow on the southern and on the 
northern slopes of the Himalaya, should be again investigated by tra- 
veflers who are accostomed to judge of the general conformation of the 
land. Hitherto simple calculations hare too often been confounded with 
actual measorementt, and the devationa of isolated summits with that of 
the sarroandiDg plateau. (Compare Carl Zimmerman's excellent Hypso- 
metrical Remarks in his Geographischen Analyse der Karte von Inner 
Arien, 1841, s. 98.) Lord draws attention to the difference presented by 
the two faces of the Himalaya and those of the Alpine chain of Hindoo- 
Coosh, with respect to the limits of the snow -line. " Thf latter chain," 
he says, ** has the table-land to the south, in consequence of which the 
snow-line is higher on the southern side, contrary to what we find to be the 
case with respect to the Himalaya, which is bounded on the south by shel- 
tered plains, as Hindoo* Coosh is on the north." It must, however, be ad- 
mitted thatthe hypsometrical data, on which these statements are based, re- 
quire a critical revision with regard to several of their details ; but still they 
suffice to establish the main fact, that the remarkable configuration of the 
land in Central Asia affords man all that is essential to the maintenance of 
life, as habitation, food, and fuel, at an elevation above the level of the sea, 
which in almost all other parts of the globe is covered with perpetual ice. 
We must except the very dry districts of Bolivia, where snow is so rarely 
met with, and where Pentland (in 1838) fixed the snow-line at 15,667 
feet, between 16" and 17$** south latitude. The opinion that I had ad- 
vanced regarding the difference in the snow-line on the two faces of the 
Himalaya has been most fully confirmed by the barometrical observations 
of Victor Jacquem(Mit, who fell an early sacrifice to his noble and unwea- 
ried ardour. (See his Correspondance pendant eon voyage dans VInde, 
1828 ä 1832, liv. 23, pp. 290, 296, 299.) *' Perpetual snow," says 
Jacquemcmt, '* descends lower on the southern than on the northern slopes 
of the Himalaya, and the Hmit constantly rises as we advance to the north 
of the chain bordering on India. On the Ktoubrong, about 18,317 feet 
in devation, according to Captain Gerard, 1 was still considerably below 
the limit of perpetual snow, which, I believe to be 19,690 feet in this part 
of Hindostan." (This estimate I consider much too high.) 

The same traveller says, *' To whatever height we rise on the southern 
deelrrity of the HimsJaya, the climate retains the same character, and the 
same division of the seasons as in the plains of India; the summer solstice 
being every year marked by the same prevalence of rain, which continues 
to ta\\ without intermission until the autumnal equinox. But a new, a 
totally different climate begins at Kashmir, whose elevation I estimate to 
be 5350 feet, nearly equal to that of the cities of Mexico and Popayan," 
{Correapand, de Jacquemont, t. ii., pp. 58 et 74). The warm and humid 
air of tbb jNa, as Leopold von Bach well observes, is carried by the mon« 
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tains of Cimdinamarca, of Quito, and of Peru, furrowed by deep 
ravines, man is enabled to contemplate alike all the families of 
plants, and all the stars of the firmament. There, at a single 
glance, the eye surveys majestic palms, humid forests of 
bambusa, and the varied species of musacese, while above 
these forms of tropical vegetation appear oaks, medlars, the 
sweetbrier, and imibelliferous plants, as in our European 
homes. There, as the traveller turns his eyes to the vaiüt of 
heaven, a single glance embraces the constellation of the 
Southern Ooss, the Magellanic clouds, and the guiding stars 
of the constellation of the Bear, as they circle round the 
arctic pole. There the depths of the earth and the vaults of 
heaven display all the richness of their forms and the variety 
of their phenomena. There the different climates are ranged 
the one above the other, stage by stage, like the vegetable 
zones, whose succession they limit ; and there the observer 
may readily trace the laws that regulate the diminution of 
heat, as they stand indelibly inscribed on the rocky walls and 
abrupt declivities of the Cordilleras. 

Not to weary the reader with the details of the phenomena 
which I long since endeavoured graphically to represent,* I 

soons across the plains of India to the skirts of the Himalaya, which 
arrest its course, and hinder it from divei^^g to the Thibetian districts of 
Ladak and Lassa. Carl von Hügel estimates the elevation of the valley of 
Kashmir above the level of the sea at 5818 feet, and bases his observation 
on the determination of the boiling point of water, (see theil 11, s. 155, 
and Journal of Geog. 8oc., vol. vi. p. 215). In this valley, where the 
atmosphere is scarcely ever agitated by storms, and in 34° 7' lat., snow is 
found, several feet in thickness, from December to March. 

* See, generally, my Essai sur la Geographie des Plantes, et le 
Tableau physique des RSgions Equinoxiales^ 1807, pp. 80-88. On tiie 
diurnal and nocturnal variations of temperature, see Plate 9 of my Atlas 
GSogr. et Phys, du Nouveau Continent: and the Tables in my work, 
entitled De distributione geographica Plantarum secundum cali tent' 
periem et altitudinem montiumj 1817, pp. 90-116; the meteorological 
portion of my Asie Centrale^ torn, iii., pp. 212, 224 ; and, finally, the more 
recent and far more exact exposition of the variations of temperature 
experienced in correspondence with the increase of altitude on the chain 
of the Andes, given in Boussingault's Memoir, Sur la profondeur ik la- 
quelle on trouve, sous les Tropiques, la couche de Temperature Invariable» 
(Ann. de Chimie et de Physique, 1833, t. liii., pp. 225-247.) This treatise 
contains the elevations of 128 points, included between ^e level of the 
sea and the declivity of the Antisana (17,900 feet), as well as the mean 
temperature of the atmosphere, which varies with the height between 81^ 
and 36« F. 
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mil here limit myself to the consideration of a few of the 
general laesults whose combination constitutes the physical 
delineation of the torrid zone. That which, in the vagueness 
of our impressions, loses all distinctness of form, like some 
distant mountain shrouded £rom view by a veil of mist, is 
clearly revealed by the light of mind, which by its scrutiny 
into ihe causes of phenomena learns to resolve and analyze 
their different elements, assigning to each its mdividual cha- 
racter. Thus in the sphere oS. natural investigation, as in 
poetry and painting, the delineation of that which appeals 
most strongly to the imagination, derives its collective interest 
£rom the vivid truthfulness with which the individual features 
are pourtrayed. 

The regions of the torrid zone not only give rise to the 
most powerful impressions by their organic richness and their 
abundant fertility, but they likewise afford the inestimable 
advantage of revealing to man, by the uniformity of the varia- 
tions of the atmosphere and the development of vital forces, 
and by the contrasts of climate and vegetation exhibited at 
different elevations, the invariability of the laws that regulate 
the course of the heavenly bodies, reflected, as it were, in 
terrestrial phenomena. Let us dwell then for a few moments 
on the proofs of this regularity, which is such, that it may be 
submitted to nimierical calculation and computation. 

In the burning plains that rise but little above the level 
of the sea, reign the families of the banana, the cycas, and 
the palm, of which the number of species comprised in the 
flora of tropical regions has been so wonderfolly increased in 
the present day, by the zeal of botanical travellers. To these 
groups succeed, in the Alpine valleys and the humid and 
shaded clefts on the slopes of the Cordilleras, the tree-ferns, 
whose thick cylindrical tnmks and delicate lacelike foliage 
stand out in bold relief against the azure of the sky, and the 
cinchona, from which we derive the febrifuge bark. The 
medicinal strength of this bark is said to increase in propor- 
tion to the degree of moisture imparted to the foliage of the 
tree by the light mists which form the upper sur&ce of the 
clouds resting over the plains. Everywhere around, the con- 
fines of the forest are encircled by broad bands of social 
plants, as the delicate aralia, the tiiibaudia and the myrtle- 
teaved andromeda, whilst the Alpine rose, the magnificent 
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befaria, weaves a purple girdle round the spny peaks. In 
the cold regions of the Paramos, which is continually exposed 
to the ^iry of storms and winds, we find that flowering i^arabs 
and herbaceous plants, bearing large and variegated blosson^, 
have given plaee to monocotyledons, whose slender spikes 
constitute the sole covering of the s<m1. This is the zone of 
Ihe grasses, one vast savannah extending over the immense 
mountain plateaux, and reflecting a yellow, almost golden 
tinge, to the slopes of the Cordilleras, on which graze the 
huna and the cattle domesticated by the Eurc^ean colonist. 
Where the naked tradiyte rock pierces the grassy turf and 
penetrates into those higher strata of air which Bxe supposed 
to be less charged with carbonic acid, we meet only with 
plants of an inferior organisation, as lichens, lecideas, and 
the brightly-coloured dustlike lepraria, scattered around in 
circular patches. Islets of fresh-fellen snow, varying in form 
and extent, arrest the last feeble traces of vegetable develop- 
ment, and to these succeeds the region of perpetual snow, 
whose elevation undergoes but little change, and may be 
easily determined. It is but rarely that the elastic forces at 
work within the interior of our globe, have succeeded in 
breaking through the spiral domes, which, resplendent in the 
brightness of eternal snow, crown the summits of the Cordil- 
leras — and even where these subterranean forces have opened 
a permanent communication with the atmosphere, through 
circular craters or long fissures, they rarely send forth cur- 
rents of lava, but merely eject ignited scori», steam, sulphu- 
retted hydrogen gas, and jets of carbonic acid. 

In the earliest stt^es of civilisation the grand and imposing 
spectacle presented to the minds of the inhaUtants of the 
tropics could only awaken feelings of astonishment and awe. 
It might perhaps be supposed, as we have already said, that 
the periodical return of the same phenomena, and ihe uniform 
manner in which they arrange themselves in successive 
groups, would have enabled man more readily to attain to a 
knowledge of the laws of nature ; but as &r as tradition end 
history guide us, we do not find that any application was 
made of the advantages presented by these fiivoured regions. 
Recent researches have rendered it very doubtful whether 
the primitive seat of Hindoo civilisation — one of the most 
remarkable phases in ^e progress of mankind — was wttaSty 
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within the tropics. Airyana Vaedjo, I3ie ancient cradle of 
the Zend, was situated to the nortii-wcst of the upper Indus, 
and after the great religious schism, that is to say, after the 
separation of Üie Iranians from the Brahminical institution, 
the language that had previously been common to them and 
to the Hindoos, assumed amongst the latter people (together 
with the literature, habits, and condition of society) an indi- 
vidual form in the Magodha or Madhya Desa,* a district 
Ihat is bounded by the great chain of Himalaya and the 
smaller range of the Yindhya. In less ancient times the 
Sanscrit language and civilisation advanced towards the south- 
east, penetrating further vnthin the torid zone, as my brother 
"Wilhelm von Humboldt has shown in his greai work on the 
Kavi and other languages of analogous structure.f 

Notwithstanding the obstacles opposed in northern lati- 
tudes to the discovery of the laws of nature, owing to the 
excessive complication of phenomena, and the perpetual local 
variations that, in these climates, affect the piovements of the 
atmosphere and the distribution of organic forms ; it is to the 
inhabitants of a small section of the temperate zone, that the 
rest of mankind owe the earliest revelation of an intimate and 
rational acquaintance with the forces governing the physical 
world. Moreover, it is from the same zone (which is appa- 
rently more favourable to the progress of reason, the soften- 
ing of manners, and the security of public Hberty), that the 
germs of civilisation have been carried to the regions of the 
tropics, as much by the migratory movement of races as by 
the establishment of colonies, differing vndely in their insti- 
tution from those of the Phenicians or Greeks. 

In speaking of the influence exercised by the succession of 
phenomena on the greater or lesser facility of recognising the 
causes producing them, I have touched upon that important 

* See, on the Madhjadefa, properly so called, Lassen's excellent 
work, entitled Indische Altertkumskundef bd. i., s. 92. The Chinese 
give the name of Mo-kie-thi to the southern Bahar, situated to the south 
of the Ganges, (see Foe^Koue-Kif by Chy^Fa-Hian^ 1636, p. 256). 
Djambn-dwipa is the name given to the whole of India; but the words 
also indicate one of the four Budhist continents. 

f Ueber die Kawi Sprache axf der Intel Java^ nebst einer Einlei tun ff 
Über die Verschiedenheit des menschlichen Sprachbaues und ihren 
Einfluss ir^fdie geistige Entwickehmg des Menschengeschlecht* s^ von 
Wahelm ▼. Humboldt, 1836, bd. i., s. 5—510. 
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« 

stage of our communion with the external world, when the 
enjoyment arising from a knowledge of the laws, and the mutual 
connection of phenomena, associates itself with the charm of 
a simple contemplation of nature. That which for a long 
time remains merely an object of yague intuition, by d^prees 
acquires the certainty of positive truth; and man, as an 
immortal poet has said, in our own tongue — ^Amid ceaseless 
change seeks the imchanging pole. * 

In order to trace to its primitive source the enjoyment 
derived from the exercise of thought, it is sufficient to cast a 
rapid glance on the earliest dawnings of the philosophy of 
nature, or of the ancient doctrine of the Cosmos. We find even 
amongst the most savage nations (as my own travels enable 
me to attest), a certain vague, terror-stricken sense of the 
all-powerful unity of natural forces, and of the existence of an 
invisible, spiritual essence manifested in these forces, whether 
in imfolding the flower and maturing the frtdt of the nutrient 
tree, in upheaving the soil of the forest, or in rending the clouds 
with the might of the storm. We may here trace the revela- 
tion of a bond of union, linking together the visible world and 
that higher spiritual world which escapes the grasp of the 
senses. The two become unconsciously blended together, 
developing in the mind of man, as a simple product of ideal 
conception, and independently of the aid of observation, the 
first germ of a Philosophy of Nature. 

Amongst nations least advanced in civilisation, the imagi- 
nation revels in strange and fantastic creations ; and by its 
predilection for symbols, alike influences ideas and language. 
Instead of examining, men are led to conjecture, dogmatize, 
and interpret supposed facts that have never been observed. 
The inner world of thought and of feeling does not reflect the 
image of the external world in its primitive purity. That 
which in some regions of the earth manifested itself as the 
rudiments of natural philosophy, only to a small number of 
persons endowed with superior intelligence, appears in other 
regions, and among entire races of men, to be the result of 
mystic tendencies and instiQctive intuitions. An intimate 
communion with nature, and the vivid and deep emotions 
thus awakened, are likewise the source from which have 

* This verse occurs in a poem of Schiller, entitled Dtr Spazter^mgf 
which first appeared, in 1^95, in the Horen, 
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sprung the first impulses towards the worship and deification 
of the destroying and preserving forces of the imiverse. But 
by d^rees as man, after having passed through the different 
gradations of intellectual development, arrives at the free 
enjoyment of the regulating power of reflection, and learns 
by gradual progress, as it were, to separate the world of 
ideas from that of sensations, he no longer rests satisfied 
merely with a vague presentiment of the harmonious unity of 
natural forces ; thought begins to fulfil its noble mission ; and 
observation, aided by reason, endeavours to trace phenomena 
to the causes from which they spring. 

llie history of science teaches us the difficulties that have 
opposed the progress of this active spirit of inquiry. Inaccu- 
rate and imperfect observations have led by false inductions 
to the ereat niunber of physical views that have been per- 
petuated as popular prejudices among all classes of society. 
Thus by the side of a solid and scientmc knowledge of natural 
phenomena tbere has been preserved a system of the pre- 
tended results of observation, which is so much the more 
difficult to shake, as it denies the validity of the facts by which 
it may be reftited. This empiricism, the melancholy heritage 
transmitted to us fix)m former times, invariably contends for 
the truth of its axioms with the arrogance of a narrow- 
minded spirit. Physical philosophy, on the other hand, when 
based upon science, doubts because it seeks to investigate, 
distinguishes between that which is certain and that which is 
merely probable, and strives incessantly to perfect theory by 
extending the circle of observation. 

This assemblage of imperfect dogmas bequeathed by one 
age to another — ^this physical philosophy, which is composed 
of popular prejudices, — is not only injurious because it per- 
petuates error with the obstinacy engendered by the evidence 
of ill observed facts, but also because it hinders the mind 
from attaining to higher views of nature. Instead of seeking 
to discover the mean or medium point, around which oscillate, 
in apparent independence of forces, all the phenomena of the 
extmial world, this system delights in multiplying exceptions 
to the law, and seeks, amid phenomena and in organic forms, 
for something beyond the marvel of a regular succession, and 
an internal and progressive development. Ever inclined to» 
belieye that the order of nature is disturbed, it T^fv]j»i^ \j^ 

n 
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recognise in the present any analogy with the past, and guided 
by its own varying hypotheses^ se^ at hazard, either in the 
interior of the globe or in the regions of space, for the cause 
of these pretended perturbations. 

It is the special object of the present work to combat those 
errors which derive their source from a vicious empiricism 
and from imperfect inductions. The higher enjoyments 
yielded by the study of nature depend upon the correctness 
and the depth of our views, and upon the extent of the sub* 
jects that may be comprehended in a single glance. Increased 
mental cultivation has given rise^ in all classes of society, to an 
increased desire of embellishing life by augmenting the mass 
of ideas, and by multiplying means for their generalization ; 
and this sentiment fiilly refutes the vague accusations ad« 
vanced against the age in which we live, showing that other 
interests, besides the material wants of life, occupy the minds 
of men. 

It is almost with reluctance that I am about to speaik of a 
sentiment, which appears to arise from narrow-minded views, 
or from a certain weak and morbid sentimentality, — I allude 
to the fear entertained by some persons, that nature may by 
degrees lose a portion of the charm and magic of her power, 
as we learn more and more how to unveil her secrets, c(»a*' 
prehend the mechanism of the movements of the heavenly 
bodies, and estimate numerically the intensity of naturail 
forces. It is true that, properly speaking, the forces o£ 
nature can only exercise a magical power over us, as long as 
their action is shrouded in mystery and darkness, and doe» 
not admit of being classed among the conditions with which 
experience has made us acquainted. The eJOTect of suck a 
power is, therefore, to excite the imagination, but. that, assur- 
edly, is not the &culty of mind we would evoke to prende 
over the laborious and elaborate observations by which we 
strive to attain to a knowledge of the greatness and excellence 
of the laws of the universe. 

The astronomer who, by the aid of the heliometer or 
a double-refracting prism,* determines the diameter of pla- 

* Arago's ocular micrometer, a happy improvement upon Rodwn'flr 
prismatic or double-reftaction micrometer. See M. Mathiea's note ia 
I^lambre's Hiitoire de P Astronomie au dix-huitUme SUcle, 1827. . 
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netary bodie», who Bieasures patiently, year after year, the 
meridian altitu^ and iht relative distances of stars, or who 
seeks a telescopic eomet in a group of nebuleB, does not feel 
his imagination more excited — and this is the very guarantee 
of the preoisioii of his labours — ^than the botanist who counts 
the divisions of the calyx, or the number of stamens in a 
flower, oif examines the connected or the separate teeth of the 
peristoma surrounding the capsule of a moss. Yet the multi- 
ptied angpilar measnr^nents, on the one hand, and the detail 
of erganic relations on the other, alike aid in preparing the 
wa^ for the attainment of higher views of the laws of the 
univeinse. 

We must not confound the disposition of mind in the 
observer at the tkne he is pursuing his labours, with the ulte- 
rior greatness of the views resulting from investigation and the 
exercise of thoi^ht. The physical philosopher measxires with 
admirable sagacity the waves of light of imequal length 
which by interference mutually strengthen or destroy each 
other, even with respect to their chemical actions : the 
astronomer, armed with powerftd telescopes, penetrates the 
regions of space, contemplates, on the extremest confines of 
our solar system, the satellites of Uranus, or decomposes faintly 
sparkling points into double stars differing in colour. The 
botanist discovers the constancy of the gyratory motion of the 
chara in the greater number of vegetable cells, and recog- 
nises in the genera and natural fiimiHes of plants the intimate 
relations of organic forms. The vault of heaven, studded 
with nebul» and stars, and the rich vegetable mantle that 
covers the soil in- (fee climate of palms, cannot surely fail to 
produce on the minds of these laborious observers of nature, 
an impression mc»:^ imposing and more worthy of the majesty 
of creation, than on those who are unaccustomed to investi- 
gate the great mutual relations of phenomena. I cannot, 
therefore, agreo with Burke when he says, " it is our igno- 
rance of natural things that causes all our admiration, and 
chiefly excites our passicms.'* 

Whilst the illusion of the senses would make the stars sta- 
tionary in the vault of heaven, astronomy by her aspiring 
labours has assigned indeflmte bounds to space ; and if she 
have set limits to the great nebula to which our solar system 
bdongSy it has only b^n to show us in those remote reglona 

c2 
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of space, which appear to expand in proportion to the increase 
of our optic powers, islet on islet of scattered nebulae. The 
feeling of the sublime, so &r as it arises from a contemplation 
of the distance of the stars, of their greatness and physical 
extent, reflects itself in the feeling of the infinite, which 
belongs to another sphere of ideas included in the domain of 
mind. The solemn and imposing impressions excited by this 
sentiment, are owing to the combination of which we have 
spoken, and to the analogous character of the enjoyment and 
emotions awakened in us, whether we float on the sur£Eu;e 
of the great deep, stand on some lonely mountain summit 
enveloped in the half-transparent vapoury veil of the atmo- 
rohere, or by the aid of powerful optical instruments scan 
the regions of space, and see the remote nebulous mass resolve 
itself into worlds of stars. 

The mere accumulation of imconnected observations of 
details, devoid of generalization of ideas, may doubtlessly 
have tended to create and foster the deeply-rooted prejudice, 
that the study of the exact sciences must necessarily dull the 
feelings, and diminish the nobler enjoyments, attendant upon 
a contemplation of nature. Those who still cherish such 
erroneous views in the present age, and amid the progress of 
public opinion, and the advancement of all branches of know- 
ledge, fkil in duly appreciating the value of every enlarge- 
ment of the sphere of intellect, and the importance of tiie 
detail of isolated facts in leading us on to general results. 
The fear of sacrificing the free enjoyment of nature, imder the 
influence of scientific reasoning, is often associated with an 
apprehension, that every mind may not be capable of grasping 
the truths of the philosophy of nature. It is certainly true 
that in the midst of the imiversal fluctuation of phenomena 
and vital forces— in that inextricable network of organisms 
by turns developed and destroyed—each step that we make 
in the more intimate knowledge of nature, leads us to the 
entrance of new labyrinths ; but the excitement produced by 
a presentiment of discoverv, the vague intuition of the mys- 
teries to be mifolded, and the multiplicity of the paths before 
us, all tend to stimulate the exercise of thought in every 
stage of knowledge. The discovery of each separate law of 
nature leads to the establishment of some other more general 
2bw, ox at least indicates to the intelligent observer its exist* 
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euco. Nature, as a celebrated physiologist* has defined it, 
and as the word was interpreted by the Ghreeks and Romans, is 
*' that which is ever growing and ever unfolding itself in new 
forms." 

The series of organic types becomes extended or perfected, 
in proportion as hitherto imknown regions are laid open to 
our view by the labours and researches of travellers and 
observers; as living organisms are compared with those 
which have disappeared in the great revolutions of our planet; 
and as microscopes are made more perfect and are more 
extensively and efEciently employed. In the midst of this 
immense variety, and this periodic transformation of animal 
and vegetable productions, we see incessantly revealed the 
primoroual mystery of all organic development, that same 
great problem of metamorphosis which Göthe has treated 
with more than common sagacity, and to the solution of 
which man is urged by his desire of reducing vital forms to 
the smallest number of fundamental types. As men contem- 
plate the riches of nature, and see the mass of observations 
incessantly increasing before them, they become impressed 
with the intimate conviction that the surface and the interior 
of the earth, the depths of the ocean, and the regions of air 
vnll still, when thousands and thousands of years have passed 
away, open to the scientific observer untrodden paths of dis- 
covery. The regret of Alexander cannot be applied to the 
progress of observation and intelligence.f General consi- 
derations, whether they treat of the agglomeration of matter in 
the heavenly bodies, or of the geographical distribution of 
terrestrial organisms, are not only in themselves more attrac- 
tive than special studies, but they also afford superior advan- 
tages to those who are unable to devote much time to occupa- 
tions of this nature. The different branches of the study of 
natural history are only accessible in certain positions of 
social life, and do not at every season and in every climate 
present like enjoyments. Thus, in the dreary regions of the 
north, man is deprived for a long period of the year of the 
spectacle presented by the activity of the productive forces of 
organic nature; and if the mind be directed to one sole class 

* Cams, Von den Urtheilen des Knochen und Schalen Gerüstes, 
1828, § 6. 
t Plttt., in Vita ÄUx, Magniy cap. 7« 
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of objects, the most animated narratives of voyages in distant 
lands will fail to interest and attract us, if they do not toadi 
upon the sulijects to which we are most partial. 

As the history of nations — if it were always able to trace 
events to their true causes— might solve the ever-recurring 
enigma of the oscillations experienced by the alternately pro- 
gressive and retrograde movement of human society, so might 
also the physical description of the world, the science of the 
Cosmos^ if it were grasped by a po^erM intellect, and based 
upon a knowledge of all the results of discovery up to a 
given period, succeed in dispelling a portion of the contradic- 
tions, which, at first sight, appear to arise from the complica- 
tion of phenomena and the multitude of the pertorbatiofis 
simultaneously manifested. 

The knowledge of the laws of nature, whether we can traoo 
them in the alternate ebb and flow of the ocean, in the 
measured path of comets, or in the mutual atlaracticms of 
multiple stars, alike increases our sense of the calm of natura, 
whilst the chimera so long cherished by the human mind in 
its early and intuitive contemplations, the belief in a " discord 
of the elements,'' seems gradually to vanish in proportion as 
science extends her empire. General views lead us habitually 
to consider each organism as a part of the entire creation, and 
to recognise in the plant or the animal, not merely an isolated 
species, but a form linked in the chain of being to other forms 
either living or extinct. They aid us in comprehending 
the relations that exist between the most recent discoveries 
And those which bftve prepared the way for them. Although 
fixed to one point of space, we eagerly grasp at a knowledge 
of that which has been observed in different and far distant 
regions . We delight in tracking the course of the bold mariner 
through seas of polar ice, or in following him to the summit of 
that volcano of Üie antarctic pole, whose fires may be seen from 
afar, even at mid-day. It is by an acquaintance with the results 
of distant voyages, that we may learn to comprehend some of 
the marvels of terrestrial magnetism, and be thus led to appre- 
ciate the importance of the establishments of the num^oos 
obsen^atories, which in the present day, cover both hemispheres, 
and are designed to note the simultaneous occurrence of 
perturbations, and the frequency and duration of magnetic 
storms. 
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Let me be permitted here to touch iq)on a few points 
connected with discoveries, whose importance can only be 
estimated by those who haye deyoted themselves to the study 
of the physical sciences generally. Examples chosen from 
among the phenomena to which special attention has been 
directed in recent times, will throw additional light npon the 
preceding considerations. Without a preliminary knowledge 
of Ihe orbits of comets we should be unable duly to appre- 
ciate the importance attached to the discovery of one of these 
bodies, whose elliptical orbit is included in the narrow limits of 
our solar ^stem, and which has revealed the existence of an 
ethereal fluid, tending to dimfnish its centrifiigal force and the 
period of its revolullonu 

The superficial half-knowledge, so oharaot^istic of the 
present day, which leads to the iniorodncüon of vaguely com- 
prehended scientific views into general conversatioti, also gives 
rise, under various forms, to the expression of «Larm at the 
supposed danger of a collision between the celestial bodies, or 
of disturbance in the climatic relations of our globe. Tfa^se 
phantoms of the imagination are so much the more injurious 
as they derive their source from dogmatic pretensions to true 
science. The history of the atmosphere, and of the annual 
variations of its temperature, extends already sufficiently far 
back to show the recurrence of slight disturbances in the mean 
temperature of any given place, axid thus a£brds sufficient gua- 
rantee against the exaggerated apprehension of a general and 
progressive deterioration of the climates of Europe. Encke^s 
comet, which is one of the tibree interior comets^ completes 
its course in 1,200 days, but from, the form and position of 
its orbit it is as little dangerous to the earth as Halley's 
great comet, whose revolution is not completed in less than 
seventv-six years, (and which appeared less brilliant in 1835 
than it had done in 1759;) the interior comet of Biela 
intersects the earth's orbit, it is true, but it can only approach 
our globe when its proximity to the sun coincides with our 
winter solstice. 

The quantity of heat received by a planet, and whose 
unequal distribution determines the meteorological variations 
of its atmosphere, depends alike upon the light-engendering 
force of the sun, that is to say, upcm tiie condition of its 
ig;a8eous coverings, and upon the relative position of the plsinet 
and the central body. 
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u bcTOnd dte iH^ of onr apeneaee m pknies and chemistry, 
Physieal wtMO Mj preKBta «■ vitt o&er plioiameiia. 
lAi^ caaaot be fi^ wr|»Af dBd ib all tibeir Tostnesa 
witboot a previcHH »ciiiiiirfriir of geBcnlTinrs regarding 
die forces mat gorem die «nitinae. Sach, for instance, are 
the innumerable doable rtaxa, or latlwr f^tms. which revolve 
round odc common centre of gnnity, and thus rer^al in 
distant worlds the extstrace at the Newtonian law ; the 
lai^r or Mnaller nmnber of spots npoo the sun, that is to 
say, tlie openings formed throngh the luminous and opaque 
atmosphere surrounding the solid nucleus ; and the rcgiJar 
appearance, about the 13th of Norember, and the 11th of 
August, of shooting stars, which probably form part of a belt 
of asteroids, intersecting the earth's orbit, and mo^g with 
planetary velocity. 

Descending from the celestial region« to the earth, we 
■would fain inquire into the relations that exist between the 
o«cillatio:iB of the pendulum in air (the theory of which has 
been perfected by Bcssel), and the density of our planet ; and 
Low the pendulum, actiag the part of a plummet, can, to a 
I certain extent, throw light upon the geolo^col constitution 
kof strata at {^at depths? By nyguUteJo« 
lire enabled ti 
the formation rf_i 
rents ^JM 
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or redncing tiiem into dolomite ; or finally by inducing within 
them the formation of crystals of the most -vai-ieil composition. 
Tlie elevation of sporadic islwids, of domea of trachyte, and 
cones of basalt, by the elastic forces emanating from the fluid 
interior of our globe, has led one of the first geolofrfsts of the 
age, Leopold von Buch, to the theory of the elevation Oi 
continents, and of moimtain chains generally. This action of 
aabterranean forces in breaking through, and elevating strata 
of sedimentary rocks, of which the coast of Chili, in eonse- 
quence of a great earthquake, famished a recent example, 
leads to the assumption, that the pelagic shells found by 
M. Eonpland and myself on the ridge of the Andes, at an 
elevation of more th un 15,000 English feet, may have been 
conveyed to ro extraordinary a, position, not by n rising of the 
ocean, but by the agency of volcanic forces capable of ele- 
vating into ridges the softened crust of the earth. 

I apply the term volcanic, in the widest sense of the word, 
to every action exercised by the interior of a planet on its 
external crust. The surface of our globe, and that of the moon, 
manifest traces of this action, which in the former, at least, ha» 
varied duiing the course of ages. Those, who arc ignorant of 
the iact, that the internal heat of the earth increases so ra- 
pidly with the increase of depth, that granit« is in a state of 
fusion about twenty or thirty geographical miles below the 
surface,* cannot have a clear conception of the causes, and 
the simultaneous occurrence of volcanic eruptions at places 
widely removed fi\)m one another, or of the estent and inter- 
section of circles of commotion in earthquakes, or of the 
■uniformity of temperature, and cqnaUty of chemical com- 
position observed in thermal springs during a long course of 
years. 'ITie quantity of heat peculiar to a planet is, however, 
a mutter of such importance, — being the result of its primitive 
idensatlon, and varying according to the nature and 
ntion of the radiation, — that the study of this subject may 

I detenainBtions uauall; gicen of the point of fiuion are in 
high for refrocting substances. According to the veer 
iM of MiWcherlich, the melting point of grauito cui 

The Wonderx of Oealogy, 1848, vol. i. p«ge M. 
-efature amonnt« to 1° of Fobraiheit Sat orwy 
]-IV. 
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throw some degree of light on the history of ,1iie atmoiqihere, 
and the distribution of the orgaoic bodies imbedded in the 
solid crust of the earth. This study enables lis to undbrstaDd 
how a tropical temperature, independent of latitude (that is, 
of the distance from the poles), may have been produced bf 
deep fissures remaining open, and exhaling hi^ from the 
interior of the globe, at a period when the earth*s crust was 
still furrowed and rent, and only in a state of aeani-aolidifi- 
cation; and a primordial condition is thus reyealed to us, 
in which the temperature of the atmosph^», and dimates 
generally were owing rather to a liberation of calorie and of 
different gaseous emanations« (that is to say, rather to the 
energetic re-action of the interior on the exterior,) thta to ihe 
position of the earth with respect to the central body, the 
sun. 

The cold regions of the earth contain, deposited in sedi- 
mentary strata, the products of tropical climates ; thus, in 
the coal formations, we find the trunks of palms standing 
upright amid conifer», tree ferns, gomatites and fishes 
having rhomboidal osseous scales;* in the Jura lime- 
stone coloBsal skeletons of crocodiles, plesiosauri, planulites, 
and stems of the cycadcse; in the chalk formations, small 
polythalamia and bryozoa, whose species still exist in our 
seas ; in tripoli, or polishing slate, in the semi-opal and the 
larina-like opal or mountaJua meal, agglomerations of siliceous 
infusoria which have been brought to light by the powei&l 
microscope of Ehrenberg f ; and lastly, in transported soils, 

* See the classical work on the fishes of the old world by Agassis 
Rech, mr les Poissans Fossiles ^ 1834, vol. i. p. 38 ; vol. ii. pp. 3, 28, 84, 
App. p. 6. The whole genus of Amblypterus, Ag. nearly allied to Pt- 
Iseoniscus (called also PaUeothrissum) lies buried beneath the Jura fonna- 
tioQs in the old carboniferous strata. Scales which, in some fishes, as in 
the family of Lepidoides (order of Ganoides), are formed like teeth, and 
covered in certain parts with enamel, belong, after the Placoides, to the 
oldest forms of fossil fishes ; their living representatives are still found in two 
genera, the Bichir of the Nile and Senegal, and the Lepidosteus of Ohio. 

t [The polishing slate of Bilin is stated by M. Ehrenberg to form a 
series of strata fourteen feet in thickness, entirdy made up of the siliceoiis 
shells of GaillonellcBj of such extreme minuteness, that a cubic indh 4if 
the stone contains forty-one thousand millions ! The Bergmehl (mettm- 
iain-meal or fossil farina) y of San Flora, in Tuscany, is one mass of 
animalculites. See the interesting work of G. A. Mantelli On ihe Medals 
of Creation, vol. i. p. 223.]— 2V. 
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and in certain oaves, the bones of elephants, hyenas, and 
lions. An intimate acquaintance with the piiysioal pheno- 
mena of the imiverse leads us to regard the produets of warm 
latitudes that are thus found in a fossil <)ondition in northern 
regions, not merely as incentives to barren curiosity, but as 
subjects awakening deep reflection, and opening new sources 
of study. 

The number and the variety of the objects I ha;iFe alluded 
to, give rise to the question whether general considerations of 
physical phenomena ean be made sufficiently clear to per- 
sons, who have not acquired a detailed and special know- 
Jedge of descriptive natural history, geology, or mathematical 
astronomy? J think we ought to distinguish here between 
him, whose task it is to oälect the individual details of 
various observations, and study the mutual relations existing 
amongst them, and him to whom these relations are to be 
revealed, undar the form of general results. The former 
should be acquainted with the specialities of phenomena, 
that he may arrive at a generalization of ideas as the result, 
at least in part, of his own observations, experiments, and 
oalculaticms. It cannot be denied, that where there is an 
absence of positive knowledge of ^ysical phenomena, the 
general results which impart so great a charm to the study of 
na^tuf e cannot all be made equally clear and intelligible to 
the reader, but still I venture to hope, that in the work 
which I am now preparing on the physical laws of the 
universe, the greater part of the facts advanced can be made 
manifest without the necessity of appealing to ftmdamental 
views and principles. The picture of nature thus drawn, 
notwithstanding the want of distinctness of some of its out- 
lines, wiU not be the less able to enrich the intellect, enlarge 
the sphere of ideas, and nourish and vivify the imagination. 

There is, perhaps, some truth in the accusation advanced 
against many German scientific works, that they lessen the 
value of general views by an acciunulation of detail ; and do 
not sufficiently distmguislnng between those great results 
which form, as it were, the beacon lights of science, and the 
long series of means by which they have been attained. This 
method of treating scientific subjects led the most illustrious 
of our poets* to exclaim with impatience— ** The Germans 

* Göthe, in Die Aphorkmen Über Naturvfisteraeht^fty bd. i.., s. 155. 
{W€rk9 Heme Autgabe^ pon 1833.) 
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have the art of making science inaccessible." An edifice 
cannot produce a strikmg effect until the scaffolding is re- 
moved, that had of necessity been used during its erection. 
Thus the imiformity of figure observed in the distribution of 
continental masses, which all terminate towards the south in 
a pyramidal form, and expand towards the north (a law that 
determines the nature of climates, the direction of currents in 
the ocean and the atmosphere, and the transition of certain 
types of tropical vegetation towards the southern temperate 
zone), may be clear^ apprehended without any knowledge of 
the geodesical and astronomical operations by means of which 
these pyramidal forms of continents have been determined. 
In like manner, physical geography teaches us by how many 
leagues the equatorial axis exceeds the polar axis of the 
globe ; and shows us the mean equality of the flattening of 
the two hemispheres, without entailing on us the necessity of 
giving the detail of the measurement of the degrees in the 
meridian, or the observations on the pendulum, which have 
led us to know that the true figure of our globe is not 
exactly that of a regular ellipsoid of revolution, and that this 
irregularity is reflected in the corresponding irregularity of 
the movements of the moon. 

The \iews of comparative geography have oeen specially 
enlarged by that admirable work, Erdkunde im VerhäUniss 
zur Natur und zur Geschichte, in which Carl Bitter so ably 
delineates the physiognomy of our globe, and shows the 
influence of its external configuration on the physical phe- 
nomena on its surface, on the migrations, laws, and manners, 
of nations, and on all the pi*incipal historical events enacted 
upon the £ace of the earth. 

France possesses an immortal work, L^Exposition du 
Systeme du Monde, in which the author has combined the 
results of the highest astronomical and mathematical labom-s, 
and presented them to his readers free from all processes of 
demonstration. The structure of the heavens is here reduced 
to the simple solution of a great problem in mechanics ; yet 
Laplace's work has never yet been accused of incompleteness 
and want of profundity. 

The distinction between dissimilar subjects, and the sepa- 
ration of the general from the special are not only conducive 
to the attainment of perspicuity in the composition of a 
])faysical history of the universe, but are also the means bj 
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wliich a character of greater elevation may be imparted to 
the Btudy of nature. By tlic suppression of all unnecessary 
detail, the great masses are better Eeen, and the reasoning 
fiiculty is enabled to grasp all that might otherwise escape the 
limited range of the senses. 

The exposition of general results has, it must bo owned, 
been singularly fiicilitated by the happy revolution experienced 
since the cloee of the last centuxj', in the condition of aU the 
special sciences, more particulnriy of geology, chemistry, 
and descriptive natural liistory. Li proportion as laws admit 
of more general application, and as sciences mutually enrich 
each other, and by their extension become connected together 
in more nimicrous and more intimate relations, the develop- 
ment of general truths may be given with conciseness devoid 
of Bupernciality. On being first examined, all phenomena 
appear to be isolated, and it is only by the result of a multi- 
plicity of observations, combined by reason, that we are able to 
trace the mutual relations existing between them. If, how- 
ever, in the present age, which is so strongly characterised by 
a brilliant course of scientific discoveries, we perceive a want 
of connection in the phenomena of certain sciences, we mav 
anticipate the revelation of new facts, whoso importance will 
probably he commensurate with the attention directed to these 
branches of study. Expectations of this nature may be 
entertained with regard to m.eteorology, severjl ports of 
optics, and to radiating heat, and electro-magnetism , since the 
admirable discoveries of Melloni and Faraday. A fertile field 
is here opened to discovery, althoi^h the voltaic pile has 
already taught us the intimate connection existing between 
electric, magnetic, and chemical phenomena. Who will 
venture to affirm that we have any precise knowledge, in the 
present day, of that part of the atmosphere which is not 
oxygen, or that thousands of gaseous substances affecting our 
organs may not he mixed with the nitrogen, or finally, that we 
have even discovered the whole number of the forces whicli 
pervade the universe ? 

It is not the purpose of this essay on the physical history of 
the world lo reduce all sensible phenomena to a small munber 
of abstract principles, based on reason only. The physical 
history of the universe, whose exposition I attempt to dcve- 
lope, does not pretend to rise to the perilous abstractions of a 
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purely rational science of nature, and is simply a physical 
geography^ combined with a description of the regions oj space 
and the bodies occupying them. Devoid of the profoundness of 
a purely speculatiye plulosophy, my essay on the Cosmos treats 
of the contemplation of the universe, and is based upon a 
rational empiricism, that is to say, upon the results of the 
facts registered by science, and tested by the operations of the 
intellect. It is within these limits alone that the work, which 
I now venture to imdertake, appertains to the sphere of 
labour, to which I have devoted myself throughout the 
course of my long scientific career. This path of enquiry is 
not unknown to me, although it may be pursued by others 
mth greater success. The imity whiäi I seek to attain in the 
development of the great phenomena of the universe, is 
analogous to that which historical composition is capable 
of acquiring. AÜ points relating to the accidental indi" 
^idualities, and the essential variations of the actual, whether 
in the form and arrangement of natural objects in the struggle 
of man against the elements, or of nations against nations, 
do not admit of being based only on a rational foundation 
— ^that is to say, of being deduced from ideas alone. 

It seems to me that a like degree of empiricism attaches to 
the Description of the Universe and to Civil History ; but in 
reflecting upon physical phenomena and events, and tracing 
their causes by the process of reason, we become more and 
more convinced of the truth of tiie ancient doctrine, that tiie 
forces inherent in matter, and those which govern the moral 
world, exercise their action under the control of primordial 
necessity, and in accordance with movements occurring periodi- 
cally after longer or shorter intervals. 

It is this necessity, this occult but permanent connection, 
this periodical recurrence in the progressive development of 
forms, phenomena, and events, which constitute nature, obedi- 
ent to the first impulse imparted to it. Physics, as the term 
signifies, is limited to the explanation of the phenomena of 
the material world by the properties of matter. The ultimate 
object of the experimental sciences is, therefore, to discover 
laws, and to trace their progressive generalization. All that 
exceeds this goes beyond the province of the physical descrip- 
tion of the universe, and appertains to a range of higher 
•oeculative views« 
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tions which they follow over the long fissures Mrith which 
the earth*8 crust is fturowed. Relations of super-position of 
trachyte and of syenitic porphyry, of diorite and of serpen- 
tine, which remain doubtful when considered in the auriferous 
soil of Hungary, in the rich platinum districts of the Dural, 
and on the souüi-westem declivity of the Siberian Altai, are 
elucidated by the observations that have been made on the 
plateaux of Mexico and Antioquia, and in the unhealthy ravines 
of Choco. The most important facts on which the physical 
history of the world has been based in modem times, have 
not been accumulated by chance. It has at length been folly 
acknowledged, and the conviction is characteristic of the age, 
that the narratives of distant travels, too long occupied in ue 
mere recital of hazardous adventures, can only be made a 
source of instruction, where the traveller is acquainted with 
the condition of the science he would enlarge, and is guided 
by reason in his researches 

It is by this tendency to generalization, which is only 
dangerous in its abuse, that a great portion of the physictu 
knowledge already acquired may be made the common pro- 
perty of all classes of society ; but in order to render the 
instruction imparted by these means commensurate with the 
importance of the subject, it is desirable to deviate as widely 
as possible from the imperfect compilations designated, till the 
close of the eighteenth century, by the inappropriate term of 
popular knowledge, 1 take pleasure iu persuading myself that 
scientific subjects may be treated of in language at once 
dignified, grave and animated, and that those who are re- 
stricted within the circimiscribed limits of ordinary life, and 
have long remained strangers to an intimate communion with 
nature, may thus have opened to them one of the richest 
sources of enjoyment by which the mind is invigorated by the 
acquisition of new ideas. Ck)mmunion with nature awakens 
within us perceptive acuities that had long lain dormant; 
and we thus comprehend at a single glance the influence 
exercised by physical discoveries on Üie enlargement of the 
sphere of intellect, and perceive how a judicious application 
of mechanics, chemistry, and other sciences may be made 
conducive to national prosperity. 

A more accurate knowledge of the connection of physical 
phenomena will also tend to remove the prevalent error that 
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all bronchea of natural science are not equally important in 
relation to general cultivation and industrial progress, An 
arbitrary distinction is frequently made between the various 
degrees of importance appertaining to mathematical science«, 
to the study of organised beings, the knowledge of electro- 
magnetism, and investigatdons of the general properties of 
matter in its diSereat conditions of molecular aggregation ; 
and it is not uncommon presumptuously to affix a supposed 
Btigma upon researches of this nature, by terming them 
"purely theoretical," forgetting, although the fact has been 
long attested, that in the observation of a phenomenon, which 
at first sight appears to be wholly isolated, may be concealed 
the germ of a great discovery. When Aloysio Galvani 
first stimulated the nervous fibre by the accidental contact of 
two heterogeneous metals, his contemporaries could never have 
anticipated, that the action of the voltaic pile would discover 
to US, in the alkalies, metals of a silvery lustre, so light as to 
ewim on water, and eminently inflammable ; or that it would 
become a powerM instrument o{ chemical analysis, and at 
the same time a thermoscope, and a magnet. When Huyghens 
first observed, in 1678, the phenomenon of the polarization of 
light, exhibited in the difierenee between the two rays into 
which a pencil of light divides itself in passing through a 
doubly refiacting crystal, it could not have been foreseen, 
that a century and a Tmlf later the great philosopher, Arago, 
would by his discovery of chromatic polarization, be led to 
discern, by means of a small ii-agment of Iceland spar, w^hether 
solar light emanates from a solid body, or a gaseous covering ; 
or whether comets transmit light directly, or merely by re. 
flection.* 

An equal appreciation of all branches of the mathematical, 
physical and natural sciences, ia a special requirement of the 
present age, in which the material wealth and the growing 
prosperity of nations are principally based upon a more en- 
lightened employment of the products and forces of nature. 
'Vke most superficial glance at the present condition of Europe 
shows that a diminution, or even a total annibilatioa of 
national prosperity, must he the award of those states who 

• Awgo's Discoverie» in the year 1811. — Ddambrt's Hialoir» 
A t'Att., p. fiä2. (PuMge okeMl; quoted.) 
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shxixik with slothful indifferfflice from itke great ttnm|^e of 
xival nations in the career of the industrial arts. It is witii 
nations as with nature, which, according to a happy ex- 
pression of Gröthe,* " knows no pause in progroM and 
development, and attaches her curse on all inacticm." The 
propagation of an earnest and sound knowledge of science can 
therefore alone ayert the dangorsof which I have spoken. Man 
cannot act upon nature, or appropriate her forces to his awo. 
nse, without comprehaiding Üieir fhll extent, and haTing tta 
intimate acquaintance with the laws of the phvaica} wwdd. 
Bacon has said that, in human societies, knowle<3^ is poorer. 
Both must rise and sink together. But the knowledge that 
results from the free action of thought, is at once the delight 
and the indestructible pren^tive of man ; and in fbnauig 
part of the wealth of mankind, it not unfrequently serves as 
a substitute for the natural riches, which are but spaxai^ 
l^attered over the earth. Those states which take no active 
part in the genersl industrial moy&aient, in the choice and 
preparation of natural substances, or in the appl&catieii of 
mechanics and chemistry, and among whom this aetiyity is 
not appreciated by all classes of society, will infeUibly see 
their nrosperity diminish in proportion as neighbouring ooon- 
tries become streng^ened and invigorated under the genial 
influence of arts qnd sciences. 

As in nobler spheres of thought and sentiment, in philo- 
sophy, poetry, and the fine arts, the object at which we aim 
ought to be an inward on&>*<*an ennoblement of the intelleot«^ 
so ought we likewise, in our pursuit of science, to strive 
after a knowledge of the laws and the principles of unity that 
pervade the vital forces of the universe ; and it is by such a 
course that physical studies may be made subservient to the 
iffogress of industry, which is a conquest of mind over mat|^. 
By a happy connection of causea and effects, we often see th^ 
useful linked to the beautlM and the exalted. The improve^ 
ment of agriculture in the hands of free men, and on pro* 
perties of a moderate extent — the flourishing state of the 
mechanical arts freed from the trammels of municipal restric- 
tions — the increased impetus imparted to commerce by the 

* Göthe, in Die Aphorismen über N4vlurwi8te9uehqft,m^Weri€, bd. u 
s. 4. 
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jnulüpUed means of contact of nations with each otlier — arc 
all IsiUiaat results of the inKllecttuil progress of mankind, 
and of the amelioration of political institutions, in which 
this progress is reflected. The picture presented by modem 
histvry ought to conyincc those who are tardy in awakening 
to the trutii of the lesson it teaches. 

P(w let it be feared, that the marked predilection for the 
study of nature, and for industrial progress, which is so charac- 
tert^ic of the present age, should necessarUy have a teudenoy 
to retard the noble exertions of the intellect in the domains t^ 
philosophy, classical history, and antiquity ; or to deprive the 
arts by which life is embellished of the vivifying breath 
of iiaagination. Where all the germs of civilisation are 
developed beneaüi the ajgis of free institutions and wise 
legislation, there is no cause for apprehending that any one 
hninch of knowledge should be cultivated to the prejutUce cf 
others. All aflbrd the state pcecious fruits, whether they 
yield nourishment to man and constitute his physical wealtli, 
or whether, more permanent in their nature, they transmit in 
the worts of mind the glory of nations to remotest posterity. 
The Spartans, notwithstanding their Doric austerity, prayed 
the gods to grant them " the T^aiitlfu] with Üie good." * 

I will no longer dwell upon the considerations of the influ- 
ence exercised by the mathematical and physical sciences on 
all Ütat appertains to the material wants of social life ; for the 
vast extent of the course on which I am entering forbids me 
to msist further upon the utility of these applications. Acous- 
tomed to distant escursiong, I may, perhaps, have erred in 
describing the path before us ae more smooth and pleasant 
than it really is, for such is wont to be the practice of those 
who delight in guiding others to the summits of lofty moim- 
laina : they [n^e the view even when great part of the 
distant plains lie hidden by clouds, knowing that this half- 
tnwBparent vapoury veil imparts to the sceoe a certain charai 
from the power csercised by the imagination over the domain 
of the senses. In like raannei'. from the height oocupied by 
the physical history of the world, all parts of ihc horizon will 
not appear equaUy clear and well-defined. This indistinct- 
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Hess will not, howcTer, be wholly owing to the present imper- 
fect state of some of the sciences, but in part, likewise, to the 
miskilfulness of the guide- who has imprudently Tcntured to 
ascend these lofty summits. 

The object of this introductory notice is not, however, 
solely to draw attention to the importance and greatness of 
the physical history of the universe, for in the present day 
these are too well imderstood to be contested, but likewise to 
prove how, without detriment to the stability of special studies, 
we may be enabled to generalize our ideas by concentratuig 
them in one common focus, and thus arrive at a point of view 
from which all the organisms and forces of nature may be 
seen as one living active whole, animated by one sole impulse. 
*' Nature,** as Schelling remarks in his poetic discourse on 
art, '' is not an inert mass ; and to him, who can comprehend 
her vast sublimity, she reveals herself as the creative force of 
the universe — ^before all time, eternal, ever active, she calls to 
life all things, whether perishable or imperishable.'' 

By uniting, under one point of view, both the phenomena of 
our own globe and those presented in the regions of space, we 
embrace the limits of the science of the Cosmos, and convert 
the physical history of the globe into the physical history of the 
universe ; the one term bemg modelled upon that of the other. 
This science of the Cosmos is not, however, to be regarded 
as a mere encyclopeedic aggregation of the most important and 
general results that have been collected together from special 
branches of knowledge. These results are nothing more than 
the materials for a vast edifice, and their combination cannot 
constitute the physical history of the world, whose exalted 
part it is to show the simultaneous action and the connecting 
links of the forces which pervade the universe. The distri- 
"bution of organic types in different climates and at different 
^elevations — ^that is to say, the geography of plants and animal« 
•—differs as widely from botany and descriptive zoology as 
•geology does from mineralogy, properly so called. The 
physical history of the imiverse must not, therefore, be con- 
'foimded with the Encychpadicis of the Natural Sciences^ as they 
have hitherto been compiled, and whose title is as vag^ as 
their limits are ill-defined. In the work before us, partial 
&ct8 will be considered only in relation to the whole. The 
higher the point of view the greater is the necessity for a fljsto- 
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matic mode of treating the subject in language at once onl. 
mated and picturesque. 

But thought and hinguage have ever been most intimately 
allied. ' If language, by its originality of etmcture, and its 
native riclmees, con, inits delineations, interpret thought iritb 
grace and clearness, and if, by its happy flexibility, it con paint 
with vivid tmthfidnesa the objects of the external world, it 
reacts at the same time upon thought, and animates it, as it 
were, with the breath of life. It is this mutual re-actiou which 
nuüces words more than mere signs and fonns of thought ;- 
and the beneficent influence of a language is most strikingly 
manifested on its native soil, where it has sprung sponta- 
neously from the minds of the people, whose character it 
embodies. Proud of a country that seeks to concentrate her 
strength in intellectual unity, the writer recalls with delight 
the advaDtogcs he has enjoyed in being permitted to express his 
thoughts in his tiative language ; and truly happy is be, who, 
in attempting to give a lucid exposition of the great pheno- 
mena of the universe, is able to draw from the depths of 
a language, which thi-ough the free cccrcise of thought, and 
by the efiiisions of creative fancy, has for centuries past 
Q powerful an influence over the destinies of man. 



1 



I HAVE endeavoured, in the preceding part of niy'wotl,, to 
explain and illustrate by various examples, howthe enjoy- 
mentfl presented by the aspect of nature, varying as they do 
in the sources from whence they flow, may be multiplied and 
cmiobled hy an acquaintance with the connection of pheno- 
mena and the laws by which they are regulated. It remains, 
then, for me to examine the spirit of the method in which the 
exposition of tiie physical description of the universe should be 
conducted, and to indicate the limits of this science, in accord- 
ance with the views I have acquired in the course of my 
studies and travels in various parts of the earth. I trust T 
may flatter myself with a hope that a treatise of this nature 
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\nll justify the title I have ventured to adopt for my vtnoriE, 
and exonerate me from the reproach of a presumption tiiat 
would be doubly reprehensible in a soientiiie discussion. 

Before entermg upon the delineation of l^e partial pheno- 
mena which are found to be distributed in various groups, I 
would consider a fow general questions intimately cpnnected 
together, and bearing upon the nature of our knowledge of the 
external world and its different relations, in all epodis of 
history and in all phases of intellectual advancement. Under 
this head wiU be comprised the following considerations :-«« 

1. The precise limits of the physical description of the uni- 
verse, considered as a distinct science. 

2. A brief enumeration of the totality of natural pheno- 
mena, presented under the form of a geMrai delineaiion of 
nature, 

3. The influence of the external world on the imagination 
and feelings, which has acted in modem times as a potrerfbl 
impulse towards the study of natural science, by giving ani- 
mation to the description of distant regions and to the cbUne- 
ation of natural scenery, as &r as it is characterised by yege- 
table physiognomy, and by the cultivation of exotic plants, 
and their arrangement in well-contrasted groups. 

4. The history of the contemplation of nature, or the pro- 
gressive development of the idea of the Cosmos, considered 
with reference to the historical and geographical fects that 
have led to the discovery of the connection of phenomena. 

The higher the point of view from which natural jdienomena 
may be considered, the more necessary it is to circumscribe 
the science within its just limits, and to distinguish it from 
all other analogous or auxiliary studies. 

Physical cosmography is founded on the contemplation rf 
all created things, — all that exists in space, whether as sub- 
stances or forces, — ^that is, all the material beings that con- 
stitute the universe. The science which I would attempt to 
define, presents itself therefore to man as the inhabitant of the 
earth, imder a twofold form— as the earth itself, and the regimis 
of space. It is with a view of showing the actual chanioter 
and the independence of the study of physical cosmography, 
^and at the same time indicating the nature of its relation&to 
general physics), descriptive natural historg, geology, and com' 
parative geography y that I wiU pause for a few momentt tO 
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eonsidei' that portion of the soieneo of the Cosmos which con- 
cems the caith. As the history of philosophy does not voa- 
äat of a mere material enumeration of the philosophical ^-iews 
entertained in different ages, neither ehoiild the physical 
descriptioa of the imiverse be a ßimple encydopfcdie compila- 
tion of the sciences we have enumerated. The difficult of 
defining the limits of intimately-connected studies has been 
increased, because Ibr ccDtuiios it has been custonnuy to 
designate rarious branches of empirical knowledge by terms 
which admit either of too wide or too limited a definition of 
the ideas which they were intended to convey, and are, 
bendes, objectionable from having had a different significa- 
tion in those clnaBical languages of antiquity from which they 
hare been borrowed. The tenns physiology, physics, natura 
hialOty, geology, and geography, arose, and were commonly 
used, long before clear ideas were entertained of the diversity 
of objects embraced by these scienct», and consequently of 
their reciprocal limitation. Such is the influeocü of long 
habit upon language, that by one of the nations of Europe 
moet advanced in civilisation the word " phyaic" is applied to 
medicine, whilst in a society of justly deseired universal 
reputation, technical chemistry, geoli^y, and astrouomy, 
(purely experimental sciences,) m'c comprised under the head 
of " Philoaophioal Transactiona." 

An attempt has often been made, and almost always in 
vain, to Substitute new and moro appropriate tenns for these 
ancient designations, which, notwithstanding their imdouhted 
vagueness, are now generally miderstood. These changes 
hare been proposed, for the most pait, by those who have 
occupied themselves ivith the general claBsification of the 
i-arious branches of knowledge, from the first appearance of 
the great cncyciopeedia (^Margarita Phüosophica) of Gregory 
Refsch,* prior of the Chiirtreiise at Friburg, towards the close 

* Tho Margarita PhilBSOpMca of Gregory Eeisch, Prior of the Clmr- 
tretiee st Friburg, first apjieHred uudeT the foUonüiK title: ^piiome ODtnü 
PkilMtipMie, alias Martjeriia PMIotop/iica, iractan» de ornnlppnrH scibUi, 
The H«idelb(!rg edition (148C), and that pf Strasbnrg (IBOl), both bear 
this title, but the first part was eupprese«d in the Friburg edition of the 
lame year, as well as va the tvielie Eubsequent editdous which succeeded 
one another, nt ehcit intervals, till 1^35. This wortt exercised a grut 
iafluence on the difi'uslon af mathematical and phjöäal scieDCcs, tonurd» 
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of the fifteenth centuiy, to Lord Bacon, and from Bacon to 
D'Alembert; and in recent times to an eminent physicist, 
Andre Marie Ampere.* The selection of an inappropriate 
Greek nomenclature has, perhaps, been even more prejudicial 
to the last of these attempts thiui the injudicious use of binary 
diyisions, and the excessive multiplication of groups. 

The physical description of the world, considering the uni- 
verse as an object of the external senses, does imdoubtedly 
require the aid of general physics and of descriptiye natural 
history, but the contemplation of all created things, which are 
linke<i together, and fbrm one tohole, animated by internal 
forces, gives to the science we are considering a peculiar cha- 
racter. Physical science considers only the general properties 
of bodies ; it is the product of abstraction,— a generalization 
of perceptible phenomena ; and even in the work in which 
were laid the first foundations of general physics, in the 
eight books on physics of Aristotle,! all the jmenomena of 
nature are considered as depending upon the primitive and 
vital action of one sole force, from which emanate all the 
movements of the universe. The terrestrial portion of phy- 
sical cosmography, for which I would willingly retain the 
expressive designation of physical geography, treats of the dis- 
tribution of magnetism in our planet with relation to its 
intensity and direction, but does not enter into a considera- 

the beginning of the sixteenth century, and Chasles, the learned author of 
L'Aper^ Historique des Mithodes en Glomitrie (1837), has shown the 
great importance of Reisch's Eneyclopadia in the history of mathematics 
in the middle ages. I have had recourse to a passage in the Margarita 
Philosophical found only in the edition of 1513, to elucidate the important 
qnestion of the relations between the statements of the geographer of 
Saint-Die, Hylacomilus (Martin Waldseemtliler), the first who gave the 
name of America to the New Continent, and those of Amerigo Vespucci, 
Ren^, King of Jerusalem and Duke of Lorraine, as also those contained in 
the celebrated editions of Ptolemy, of 1513 and 1522. See my Examen 
Critique de la Giographie du Nouveau Continent, et des Progris de VAM' 
ironomie Nautique aux \he et 16e Siecles, t. iv., pp. 99 — 125. 

* Amper^, Essai sur la Phil, des Sciences, 1834, p. 25. WheweU, 
Philosophy ^fths Inductive Sciences, vol. ii., p. 277. Park, Pantohgy, 
p. 87. 

t All changes in the physical world may be reduced to motion. Aris- 
tot., Phgs, Ausc, iii., 1 and 4, pp. 200, 201. Bekk6r,Yiii., 1, 8, and 9» 
pp. 250, 262, 265. De Genere et Corr,, iL, 10, p. 336. Pseudo» 
Aiistot, Ds Mundo, etcp, yi., p. 398. 
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B of the laws of attraction or repulsion of the poles, or the 
ans of eliciting either permanent or transitory electro-mag. 
netic cnrrcntfl. Physical geography depicts in broad outlines 
the even or irregular configuration of continents, the relations 
of superficial area, and the diatributiou of continental masses in 
the two hemispheres, a distribution which exercises a power- 
M influence on the diversity of climate and the oieteorologleal 
modifications of the atmosphere ; this science defines the cha- 
racter of mountain-chains, which, having been elevated at dif- 
ferent epochs, constitute distinct systema, whether tht^ run in 
parallel lines, or intersect one another; determines ihe mean 
height of continents above the level of the sea, the position 
of the centre of gravity of their volume, and the relation of 
the highest summits of mountain- chains to the mean elevation, 
of their crests, or to their prosbiiity with the sea-shore. It 
depicts the eruptive rocks as principles of movement, acting 
■upon the sedimentary rocks by traversing, uplifting, and inclin- 
ing them at various angles ; it considers volcanoes either as 
isolated or ranged in single or in double series, and extend- 
ing their sphere of action to various distances, either by rais- 
ing long and narrow linea of rocks, or by means of circles of 
commotion, which expand or diminish in diameter in the 
course of ages. This terrestrial portion of the science of the 
Cosmos describes the strife of the liquid element with the solid 
land ; it indicates the features possessed in common by all 
great rivers in the upper and lower portion of their course, 
and in their mode of bifurcation when their basins are unclosed; 
and shows us rivers breaking through the highest mountain- 
<j)ains, or following for a long time a course parallel to tlicm, 
either at their base, or at a con-slderable distance, where the 
elevation of the strata of Ihe mountain system and the direc- 
tion of their inchnation correspond to the configuration of 
the table-land. It is only the general results ot eompara- 
trvG orography and hydrography that belong to the science 
whose true limits I am desirous of determining, and not the 
special enumeration of the greatest elevations of our globe, of 
active volcanoes, of rivers, and tlie number of their tributaries ; 
these details falling rather within the domain of geography 



iropcrly so called. We would here only consider phenomena 



mutual connection, and in their relations to different 
planet, and to its physical constitution generally. 
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The speciidities bötii of inorganic and org&nised i^iatter, 
classed according to . analogy of form and composition, un- 
doubtedly constitute a most interesting branch of study, bitt 
Üiey appertain to a sphere of ideas haymg no affinity with the 
subject of this work. 

The description of di^Terent countries certainly furnishes 
us with the most important materials for the composition of Ja 
physical geography \ but the combination of these different 
descriptions, ranged in series, would as little give us a true 
image of the general conformation of the irregular sur&ce of 
our ^lobe, as a succession of all the floras of different regioitö 
would constitute that which I designate as a Geography of 
Plants, It is by subjecting isolated observations to the 
process of thought, and by combining and comparing them, 
that we are enabled to discover the relations existing in 
oommon between the climatic distribution of beings and Ihe 
individuality of organic forms (in the morphology or descrip- 
Üve natural history of plants and animals); and it is by 
induction that we are led to comprehend numerical laws, the 
proportion of natural families to Üie whole nimiber of species, 
and to designate the latitude or geographical position of the 
zones in whose plains each organic form attains the mft-rinn im 
of its development. Considerations of this nature, by their 
tendency to generalization, impress a nobler character on the 
physical description of the globe ; and enable us to imderstand 
now the aspect of the scenery, that is to say, the impression 
produced upon the mind by the physiognomy of the vesetation, 
depends upon the local distribution, the nmnber, and me luxu- 
riance of growth of the vegetable forms predominating in tJie 
general mass. The catalogues of organised beings, to which 
was formerly given the pompous titie of Systems of Nature, 
present us witi^ an admirably connected arrangement by ana- 
leres of structure, either in the perfected development of 
these beings, or in the different phases which, in accordance 
■Mrith the views of a spiral evolution, affect in vegetables the 
leaves, bracts, calyx, corolla, and finictifying organs ; and in 
animals, with more or less symmetrical regularity, the cellular 
and fibrous tissues, and their perfect or but obscurely devei- 
loped articulations. But these pretended systems of nature, 
however ingenious their mode of classification may be, do not 
show us organic beings, as they are distributed in gtmpt 
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throughout ovat planiet, according to their different relations 
of latitude and elevaläon above the level of the sea, and to 
cHinatie influenceSj which are owing to general and often 
very remote oauses» The ultimate aim of ^ysical geograj^y 
is, howev^, as we have already said, to recognise unity in 
Üu^ vast diversity of phenomena, and by ibß exercise of 
tiiooght and the combination of observations, to discern the 
constancy of phenomena in the n^dst of apparent changes. 
in the exposition oi the terrestrial portion of the Cosmos, it 
will ooeasionally be necessary to descend to very special 
hatB ; but this Will only be in order to recall the connection 
existing betvreen the actual distribution of organic beings 
over the globe, and the laws of the ideal classification by 
natural fiimilieS) analogy of internal organisation, and pro- 
gtessive evolution. 

It follows fr(»n these discussions on the limits of the 
various sciences» and more particularly from the distinction 
which must necessarilv be made between descriptive botany 
(morphology of vegetalbles) and the geography of plants, that 
in the physical history of the globe, the innumerable multitude 
of organised bodie^s which embellish creation are considered 
rather according to z(mes of habitation or stations and to 
differently inflected isothermal bands, than with reference to 
ihe principles of gradation in the development of internal 
organism. NotwiÜlstanding this, botany and zoology, which 
constitute the descriptive natural history of all organised 
bdngs, are Üie fruitM sources whence we draw the materials 
necessary to give a solid basis to the study of the mutual 
relations and connection of phenomena. 

We will here subjoin one important observation, by way of 
elucidating the connection of which we have spoken. The 
first general glance over the vegetation of a vast extent of a 
continent shows us forms the most dissimilai>'-^gramincQe and 
orchideee, conifer» and oaks, in local approximation to one 
another ; whilst natural families and genera, instead of being 
locally associated, are dispersed as if by chance. This dis- 
persion is, however, only apparent. The physical description 
of the globe teaches us that vegetation everywhere presents 
numerically constant relations in the development of its forms 
and types ; that in the same climates» the species which are 
wanting in one country are replaced in a neighbourmg one by 
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other species of the same £unily ; and that this iaw of nth» 
sHtution^ which seems to depend upon some inherent mys- 
teries of the organism, considered with reference to its origin, 
inr ntinfüinw in contiguous rcgions a niunerical relation between 
the species of Ysrious great fiunilies and the general mass of 
the phanerogamic plants constituting the two floras. We 
thus find a principle of unity and a primitive plan of dis- 
tribution revealed m the multiplicity of the distinct organisa- 
tions by which these regions are occupied; and we also 
discover in each zone, and diversified according to the fimiilies 
of plants, a slow but continuous action on the aerial ocean, 
depending upon the influence of lieht — the primary condition 
of all organic vitality— -on the solid and liquid suiifooe of our 
planet. It might be said, in accordance with a beautiftd 
exroession of Lavoisier, that the ancient marvel of the myth 
of Prometheus was incessantly renewed before our eyes. 

If we extend the course wmch we have proposed, following 
in the exposition of the physical description of the earth to 
the sidereal part of the science of the Cosmos, the delineation 
of the regions of space and the bodies by which they are 
occupied, we shall find our task simplified in no common 
degree. If, according to ancient but imphilosophical forms of 
nomenclature, we would distinguish between physics, that is 
to say, general considerations on the essence of matter, and 
the forces by which it is actuated, and chemistry, which 
treats of the nature of substances, their elementary com- 
position, and those attractions that are not determined solely 
oy the relations of mass, we must admit that the description 
of the earth comprises at once physical and chemical actions. 
In addition to gravitation, which must be considered as a 
primitive force in nature, we observe that attractions of 
another kind are at work around us, both in the interior 
of our planet and on its surface. These forces, to which 
we apply the term chemical affinity, act upon molecules in 

contact, or at infinitely minute distances from one another,* 

.t 
* On the question already discussed by Newton, regarding the differ- 
ence existing between the attraction of masses and molecular attraction, 
see Laplace, Exposition du Systhne du Monde ^ p. 384, and supplement 
to book X. of the Mecantque Cälestet pp. 3, 4 ; Kant, Metaph, Afrfkngs» 
gründe der NaturwistetueJufi, 8am. Werke, 1839, bd.v., s. 309 (Meta- 
physical Principles of the Natural Sciences) ; Pectet, Physigwe, 1838^ 
yoL i., pp» 59-— 63. 
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and which being differently moclified by electricity, heat, 
condensatioii in porous bodies, or by the contact of an 
intermediate eubstance, animate equally the inot^anic world 
and ftninml and vegetable tissues. If we except t}ie small 
aeteroida which appear to us under the fonns of aerolites 
and shooting stars, the regions of epace have hitherto pre- 
sented to our direct obacrvatioii. physical phenomena alone ; 
and in the case of these, we know only with certainty the 
effects depending upon the quantitatire relations of matter or 
the distribution of masses. The phenomena of the regions of 
space may consequently be considered as influenced by simple 
dynamical laws — the laws of motion. 

The effects that may arise from the specific difference and 
the heterogeneous nature of matter, have not hitherto entered 
into our caleulations of the mechanism, of the heavens. The 
only means by which the inhabitants of our planet can enter 
into relation with the matter contained within the regions of 
apace, whether existing in scattered forms or united into 
large spheroids, is by the plienomena of light, the propagation 
of luminous waves, and by tHe influence universally exercised 
by the force of gravitation or the attraction of masses. The 
existence of a periodical action -of the sun and moon on the 
variations of terrestiial magnetism is even at the present day 
extremely problematical. We Lave no direct experimental 
knowledge regarding the properties and specific qualities of . 
the masses circulating in space, or of the matter of which 
they are probably composed, if we except what may be derived 
fixim the &11 of aerolites or meteoric stones, wVch, as we 
have already observed, enter within the hmits of our ter- 
restrial sphere. It will be sufficient here to remark, that the 
direction and the excessive velocity of projection (a velocity 
wholly planetary) manifested by these masses, render it more 
than probable that they are small celestial bodies, which being 
attracted by our planet are made to deviate from their original 
course, and thus reach the earth enveloped in vapours, and in 
a high state of actual incandescence. The isAiihar aspect of 
these asteroids, and the analogies which they present with 
the minerals composing the earth's crust, imdoubtcdly afford 
ample grounds for surprise ;* but, in my opinion, the only con- 

* p^ anKlfris or an ii«rotite which fell a few T^nrs since in Maryland, 
UniCed Sutea, sad was examined bjr Professor Sillimiui of Newhaten, 
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diuion to be drawn from theie fiioia u,tiiatiii general p laa d i 
and other sidereal masses which, by the inflnenoe of a coitnl 
body, have been agglomerated into rings of ytepcffxr, and acd»- 
sequently into spheroids, being integiant parts of the same 
system, and having one common origku may Hkewiae be 
oomposed of substances chemically identical. Again, ezpeii^ 
ments with the pendulum, particularly those prosecuted with 
such rare precision by Bessel, confirm the Newtonian axioaiy 
that bodies the most heterogeneous in their nature (as waiter, 
gold, quartz, granular limestone, and different mnasofi of 
aeroHtcs) experience a perfectly similar degree of acodera- 
tion from the attraction of the earth. To the ezpenments e£ 
the pendulum may be added the proofii frimished by purely 
astronomical observ*ations. The almost perfSsct identity of Ihe 
mass of Jupiter, deduced from the influence exercised by Üus 
stupendous planet on its own satellites, on Endke's comet of 
short period, and on the small planets Vesta, Juno, Ceres, and 
Pallas, indicates with equal certainty, that within the limits of 
actual observation attraction is determined solely by the 
quantity of matter.* 

This absence of any perceptible difference in the nature of 
matter, alike proved by direct observation and theoretical 
deductions, imparts a high d^ree of simplicity to the me- 
chanism of the heavens. The immeasureable extent of the 
regions of space being subjected to laws of motion alone, the 
fddereal portion of the science of the Cosmos is based on the 
pure and abundant source of mathematical astronomj, as is 
^e terrestrial portion on physics, chemistry, and ^rganie 
morphology; but the domain of these three last-named 
sciences embraces the consideration of phenomena whidbi are 
so complicated, and have, up to the present time, been found 
so little susceptible of the application of rigorous method, that 
the physical sciei^ce of the earth cannot boast of the same 

Connecticut, gave the foUowing rasuHs : — Oxide of iron 24 ; oxide of 
nickel, 1*25; silica, with earthy matter, 3*46; sulphur, a trace; e= 28*71. 
Pr. Mantell's Wonders <^ Geology, 1848. vol. i. p. 51.]— TV». 

* Poisson, Connaiasancea des Temps pour VAnmie 1836, pp. 64 — 66« 
Bessel, Poggendorif s Annalen, hd. xxv., s. 417. Encke, Abhandlunffe» 
der Berliner Academie, (Trans, of the Berlin Academy,) 1826, s. 257. 
Ilitscherlich, I^krhueh der Chemift (Manual of Chemistry,) 1837, 
bd. i., 8. 352. 
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eertatnty and siisplicitr in tlie exposition of facts And their 
mutual connection, ■which oharaoterise the celeatiai portion of 
the Cosnioa. It ia not improbable that tlie difi'erenoe to which 
we aUudc may furnish an explanation of the cause which, in 
tiiB earliest ages of intellectual culture amongst the Greeks, 
directed the natural philosophy of the Pythagoreans with 
more ardour to the heavenly bodies and the regions of spaee, 
than to the earth and it« preductions, and how through Philo- 
laiis, and subsequently through the analogous views of Aria- 
torchus of Samos, and of Seleucua of Brythrea. this science 
bos been made more conducive to the attainment of a know- 
ledge of the true system of the world, than the natural philo- 
sophy of the Ionian school could ever be to the physical 
history of the earth. Giving but Httle attention fo the pro- 
perties and specific differences of matter filling space, the 
great Italian school, in its Doric gravity, turned by pre- 
ference towards all that relates to measure, to the form of 
bodies, and to the number and distances of the planets;* 
whilst ihe Ionian physicists directed their attention to the 
qualities of matter, its true or supposed metamorphoses, and 
to relations of origin. It was reserved for the powerful 
genius of Aristotle, alike profoundly speculative and practical, 
to sound with equal success the depths of abstraction and the 
inexhaustible resources of vital activity pervading the materia 
world. 

Severn.' highly distinguished treatises on physical geography 
are prefaced by an introduction., whose purely astronomical 
seotionsare directed to the consideration of the earth in its 
planetary dependence, and as constituting a part ofthat great 
system which is animated by one central body, the sun. This 
coarse is diametrically opposed to the one which 1 propose 
following. In order adequately to estimate the dignily of the 
Cosmos, it is requisite that the sidereal portion, termed by 
Kant the jialiiral history of the heavens, should not be made 
subordinate to the terrestrial. In the science of the Cosmos, 
according to the expression of Aristorchus of Samos, I^ 
pioneor of the Copemican system, the sun with its sateUites 
■was nothing more than one of the innumerable stars by which 
tpiice ia occupied. The physical history of the world must, 

* Compiire Ottfried MüUer's Donm, bd. L, i. 365. 
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therefore, begin witli the description of the heavenly bodiee, 
and with a get^niphiciil sketch of the imivetse, or I would 
rather say, a true map of the world, such as whs traced by the 
bold hand of the elder Herschel. If, notwithstanding the 
Bmallness of our planet, the moat conaiderahto space nnH the 
moat nttcntiTe eonsideratioa be here afforded to that which 
enclusively concerns it, this arises solely from the dispropor- 
tion in the extent of our knowledge of that which ia accessible 
and ofthat which is closed to our observation. This subordina- 
tion of the celestial to the terrestrial portion is met with in 
the great work of Bernard Yarenius,* which appeared in the 
middle of the seventeenth century. He was tiio first to dis- 
tinguish between general and special geography, the former of 
which he subdivides into an absolute, or properly speaking, 
terrestrial pui't, and a relative or planetary portion, according 

• Geograyhia Generalis in qva affectimet generaleii tiUurit eirpU- 
eanlvr. The Dldest Ebevir edition bears date 1650, tbo second 1672, 
and th« third 1681 ; IheM were published at Cambridge, nnder New- 
ton's superviaion. Tbl» «icdlent work by Vareniua is, in the true 
■ease of the wnrds, a physicol description of the earth. Sinue the worit 
Miitoria Natural de lot Indiia, ISSO, in which the Jesuit Joseph de 
Acosta sketched in so masterly a manner the delineation of Che Ne<r 
Continent, questions relating to the physicsl biaCory uF tbe earth have 
never been considered with sueh admirable generaliCy. Acosta is rioher 
in oriEinal obsenations, while Varenius embraces a wider circle of ideu, 
■ince bia sojourn in Holland, which was st that period tbe centre of vast 
Commerciiil relatioaa, bad brought him in contact with a great number of 
well-ia formed trarellers. Gemralig tire Univertalii Geographia dicitar 
fun lellurem in penere cmmiderai flijae (^ecliones eitplical, nan habila 
partici^arium regimuM ralitmt. Hie geaersl description of the earth bjr 
Varenius {Para Abioluta, cap. i. — jiii.) may bo considered as a tiBotiso 
«[ comparative foography, it we adopt the term ased by the author him- 
self {Geographin Comparatim, cap. luüi. — u..), although this must be 
nndcrstood in a limited aeeeptatian. We ma; cite the fullowing amongst 
the most remarkable passages of this book [ the enumeration of the 
■yiCems of mountains ; tbe ejaminition of the relations existing between 
thdr directions and the general form of continents (pp. G6, 76, Ed. 
CsDlab., 1681); a list of eitinct volcanoes, and such as were still in a 
■late of actiiity; the discussion offsets relative to the general distribution 
of islands and arcbipelsgoea (p. 220) ; tbe depth of the ocean relatively 
to the height of neighbouring coasts (p. 103); the uniformity of lerd 
observed in all open seas (p, 9;); tbe dependence nf currents on the 
prevailing winds; the unequal snltness of the ses) llie configuration of 
shores (p. 139) ; tbe direction of the winds as the result of differeuees of 
tBapentare, Sic. We ma; further instanoe the reDiarkable considers- 
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to file mode of considering onr planet either with reference to 
its soT&ce in its different zones, or to its relations to tibe sun 
and moon. It redounds to the glory of Varenius, that hia work 
on General and Comparative Geography should in bo hi^ a 
degree have arrested tile attention of Newton. The imperfect 
state of many of the amdliary sciences from which this writer 
was obliged to draw bis materials, prevented his work from 
corresponding to the greatness of the design, and it mis 
reserved for the present age, and for my own country, to see 
the delineation of comparative geography, drawn in its full 
extent, and in all its relations with the history of man, by the 
skaful hand of Carl Ritter * 

üons of Tarenins regarding the equiiioclial cnrrent (rom east to wfst, la 
nUch be attribute» tbe origin of tlie Gulf Stream, beginning at Cape Si. 
Angiutia and iüBuing forth betneen Cuba and Flurida (p. 140). Nutliing 
on be mote accuratB than hi« deacription of the eurrciit Hhipb fllcirts tlie 
•estcrii cOBBt of Africa, between Cape Verd and the island of Fernando 
Po in the Gulf of Guioca. Varenius expUina the formation of epo- 
müc islanda by supposing them Co be "the raised bottom of the seai" 
m^ii ipiriluum iHcliimmm ri, n'mt aliguanda monlei t Itrra protusoa 
an gaidam icrlbmt, (p. 225). The edition published bj Newton in 
I6SI {ttactior et meTidatior) unfortunately contains no additions from 
m» great authority; and there is not even mention ainde of the polar 
corapresslon of the globe, although the eiperimects on tbe pendulum by 
Bieuer had been made nine yean prior to tbe appearaDCB of the Cam- 
bridge edition. Newton's Frincipia Malhetaatiea Phitomphis KaturaÜM 
were not commnnicaited in manusctipl; to tbe Royal Society until April 
1686. Much UDcertaintj seems to prevail regarding tbe birthplace of 
VsmuDB. Jiecher aaya it was England, while, according to La Biogra- 
phie ümumellt (b. iLvii., p. 493), he is stated to have been bom at 
Amsterdam; hut it would appear from the dedicatory address to the 
Bnrgomaster of that city, (see bis GeograpAia Comparaliia), that both 
mppoiilianB «re false. Varenius expressly says that he had sought 
niagfi in Amsterdam, "becau^ his native city had been hnnit and 
Minpletely destroyed during a long wnr," words which appear to apply 
to tbe north of Germany, and Co the devastations of the thirty years' 
war. In bis dedication of anolher work, Deicriplia regni Japonia, 
(Aust. 1619), to Che senate of Hamburgh, Varenius says that be prose. 
ented hii elementary mathematical studies in the gymnasium of that city. 
Tliere is, therefore, every reason to believe that this admirable geographer 
WM ■ native of Garnumy, and was probably bom at Lüneburg, {Willen. 
JAm- Thad., ISBS, p, £142; Zedier, Vmvenat-Ltxicon, vol. iLvi., 
IMS, p. 167.) 

• Carl Hitter's Erdkunde im Verh'attnia zur Natur vad zur Ge. 
Kkiehtt da Metuthm, oder allgmritie virgleiehende Gtagrnfhir (Geo- 
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' Die enoraoratiott of the most important results of the asth>- 
nomical aud physical scienc^a which in the history of the 
Cosmos mdiate towards one common focos, may perhaps, to b. 
oeitnin degree, justify the dveignation I hare jd^cn to lay 
work, and, ctnisidned within the circumscribed limits I h»Ve 
imposed to myself, the undertaking may be esteemed leaa 
adventurous than the title. The introduction of new terms, 
cspeciitUy with Tcferenee to the general results of a scimoe 
which ou^ht to be accessible to all, has always been gready 
in opposition to my own practice; and whenever I have 
enlarged upon the established nomenclature, it has only been, 
in the specialities of descriptive botany and zoolo^, whCTB 
the introduction of hitherto unknown objecls rendered new 
names necessary. The denominations of physical desoiptiaaa 
of the universe, or physical «ownography. which I use mdü- 
oriminately, have been modelled upon äioee oiph^ticai descrip^ 
tioiu of the earlA, that ia to sa v, phyncai gtographtf, terras tiut 
have long been in ooimnoa use. Descartes, whose genius was 
one of the most powerful maiiifested in any age, has left us a 
fcw fi-ogroenls of a great work, which he intended publishing 
under the title of Monde, and for which he had preporod bini- 
aelf by special studiee, including even that of human anatomy. 
Tbe uncommon, but definite expression of the science of lAe 
Oumo» recalls to the mind of the inhabitant of the earth that 
we are treating of a more widely- extended horizon : of the 
aHembl^e of all things with which space is fiUed, from the 
rcmoteet nebube to the climatic distribution of those delicate 
ÜBBues of vegetable matter, which spread a variegated cover- 
ing over the surfece of our rocks. 

The influence of narrow-minded >'iews peculiar to the 
eatlier ages of civütsation led in all languages to a coufuMon 
of ideas in the eynouv-mic use of the words eaftA and uioM; 
whilst the CO 
ofAe Korld, 
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It was natural that, in the midst of the extreme Tsriabilitr 
of phenomena presented by the surfcce of our globe, and the 
aünal oc««ui by which it is aurrounded, man should hare been 
impreeaed by the aspect of the mult of heaTeu. and the mii- 
form and regular movements of the sua and planets. Ulius 
the wurd Cosmos, which primitirclv. in the Homeric ages, 
indicated im idea of order and harmony, was subsequently 
adrated in scientific language, where it was gradnally applied 
to the order observed in the movements of the heavenly 
bodies, to the whole universe, and then finally to the world 
in. which this harmony was reflected to ua. According to the 
assenion of Philolaüs, whose &-agmentary woriis have been 
eo ably commented u]Hin by Böckh. and conformably to the 
geBeral testimony of antiquity. Pythagoras was the first who 
used the word Cosmos to designate the order that reigns in 
the unirerse, or entire world.* 

'Prwn the Italian school of philoaophy, the esprcsraon passed 
in this signification into the langu^e of those early poets of 

* Kittfuis, ia the mcist Bncimt, nai at the Hune lime most precise, 
defilution of the ward, signified onamenl (w sn adorament fur a nun, 
■ woman, or > horse); taken fignrUiiel; for lira^ia, it implied the arder 
or ftdomment of a disconi^e. According to the testimooj of ail the 
ancient«, it was PjthaguraB vrbo Erst used the nord to designate the order 
in ÜK univerte, and the nnivei^e itself. Pythagoru left no «titings; 
bot ancient attestation to the tntth of this assertion is to be found ia 
■enral pasaages of tlie fragmentary works of Philobfls (Stob-, Belog,, 
pp. seo and 460, Heeren) ; pp. 62, 99, in Btk-kh's GermsD edition. 1 do 
not, according to the nample of Nike, cite TimKu« of Locris, once bis 
Mbonticity is dooblful. Rutarcb {Dt Plac. Phil., ii. 1}, aj» \a the 
". eipres» manner, that Pvthagorfla gase the name of Cosiijos lo the 
aec^mnt of the order whieh rdgned throughoQt it ; ao Ukeiriae 
{Hut. FMI.. p. <29). TTiiä word, (ogether with iti novel 
, I . L-ird from the acjiools of phüosophj into the language ot 
-' orriters. Plato deägoates the heavenly bodies by Ibo 
■II, bat ihe order pervadiag the regions of space he too 
i:,s. and in his Tinutia. ijt. :iO b.) lie tays thai Ihr tcorld it 
iierdwith a iota (cöa/ioii ^iL«f ifi^v^ov). Compare Anaxag. 
1. Ill, and Plut.. De Plat. Phil., Ü, 3) on spirit 
~t ordaining [Kiwer of natnre. In Anstotle (Df 
"*"- " The DDiverse and Ihe order penading it," 
f divided in space into two parts, — tlM' 
the moon. (Meteor. 1, 2, 1, abd 
The definitlOQ of Cosmos, which 
L PMudo -Aristoteles dt JAnufo, cap. iL 
la *a folloRg -. Kcaf'Sf i^fi aivniim ii 
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nature, Pannenides and Empedodes, and from thence into 
the works of prose writers. We will not here enter into a 
discussion of the manner in which, according to the Pytha- 
gorean views, Philolaus distinguishes between Olympus, 

oifpavov Kal ytjc Kal t&v Iv ro^roic Ttpuxo/dvwv ^vtmav, Aiytrai ik 
Kal Mpwc KOvXoc rf r&v hXutv ra^ig rt xai iuue^fiiimQ, vtrb Ot&v re koI 
iiä Ot&v pvXaTTOftkvfi. Most of the passages oocoiring in Ghreek writers 
on the word Cotmo», may be foond collected together in the controversy 
between Richard Bentlej and Charles Boyle (Oputeuia PhUologiea, 1781, 
pp. 347, 445 ; DmertaHonupoHthe Epistlet tßr Pkalarii, 1817, p. 254) ; 
on the historical existence of Zaleocos, legislator of Lencris, in Nike's 
ezcdlent work, Sehed. erit.f 1812, pp. 9, 15 ; and finally, in Theophflns 
Sdimidt, Ad deom. eyel, theor., met. 1, 1 p. ix., 1 and 99. Taken in m 
more limited sense, the word Cosmos is also used in the plural (Pint., 1, 5,) 
eiüier to designate the stars (Stob., 1, p. 514 ; Pint., 11, 13,) or the 
innumerable systems scattered like islands through the immensity of 
space, and each composed of a sun and a moon. (Anaz. Claz., Fragm, 
pp. 89, 93, 120 ; Brandis, Ge$eh. der Grieehiich-RomUehen Philoiopkie, 
b. L, s. 252 (History of the Greco-Roman Philosophy). Each of 
these groups forming thus a Cotmot, the uniyerse, rb träv^ the word 
must be understood in a wider sense (Plut. ii, 1.) It was not until 
long after the time of the Ptolemies that the word was applied to the 
eartii. Böckh has made known inscriptions in praise of Tnjan and 
Adrian {Corpus Inscr, Grae,, 1, n. 334 and 1306) in which JioanoQ 
occurs for oUovfiivii, in the same manner as we still use the term world 
to signify the earth alone. We haye already mentioned the singular 
division of the regions of space into three parts, the Olynqna, Cotmotf 
and OuranoSf (Stob. 1, p. 488; Philohiüs, pp.94, 202); this division 
applies to the different regions surrounding that mysterious focus of the 
universe, the *E<rr(a rov travrSg of the Pythagoreans. In the firagmentary 
passage in which this division is found, the term Ouranoa designates the 
innermost region, situated between the moon and earth ; this is the domain 
of changing things. The middle region where the planets circulate in an 
invariable and harmonious order, is, in accordance with the special con- 
ceptions entertained of the universe, exclusively termed Cm»uw, whilst the 
word Olympus is used to express the exterior or igneous region. Bopp, 
the profound philologist, has remarked, " that we may deduce, as Pott 
has done, EtymoU Forsehungeny th. i., s. 39 and 252 {Etymol. Besearehet) 
the word JLCffjiog from the Sanscrit root *sud\ purificari, by assuming two 
conditions ; first, that the Greek c in Kdafioc comes from the palatial c» 
which Bopp represents by 's and Pott by p, (in the same manner as dhca, 
decern, taihun in (rothic, comes from the Indian word <fd«ati),and next, that 
the Indian d corresponds as a general rule with the Greek B {Vergleiehmde 
Grammatik f § 99, — Comparative Grammar), which shows the relation of 
KdfffioQ (for KoOfjMQ) with the Sanscrit root ^eud*, whence is also derived 
Ka9afi6g, Another Indian term for the world is gagat (pronounced 
dschagat), which is, properly speaking, the present participle of the verb 
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Uranus, or *he heavens, and Coamos, or how the same word, 
used in a plural sense, could be applied to certain heavenly bo- 
dies (the planets) revolving round one central focus of the world, 
or to groups of stars. In this work I use tie word Coamos in 
conformity with the Hellenic usage of the term subsequently to 
the time of Pythagoraa, aud in accordance with the precise 
definition given of it in the treatise entitled De Mundo, which 
was long erroneously attributed to Aristotle. It is the aeaem- 
blage of all things in heaven and earth, the universality of 
created things constituting the perceptible world. If scien- 
tific tenns had not long been diverted from their true verbal 
signification, the present work ought rather to have borne the 
tiüe of Cosmography, d'uded into Uranography and Geo- 
graphy. The Komans, in their feeble essays on philosophy, 
imitated the Greeks by applying to the universe the term 

ffopÄni (I go), the root of which ia gä. In restricüng ourselve« to Iho 
dreie of Hellenic eCyaiologteB. we find {Etymol. M., pp. 532, 12) that 
cidfioC U iutimHtel; aasociiited with aäZi^, oi rather with naivvjiai, whence 
wo hove nraff/uwoc or amaSiiivog. "Welcker, {Eine Kriliiche Col. in 
Thebrn, i. 23, A Cretan coloDy in Tbebca,) combiDes with this the name 
ILiifiai, as in Uesychim lälfios sigaiSes a CieUn suit of ormB. When the 
scHtntific Ungnige of Greece nsa iatroduced amongst the Romans, the word 
numfMi, which at tint had only the piimaty meaning of KÖa/ios (female 
oraament), wai applied to designate the entire universe. Enniua seems to 
hue been the first who Tentured upon this innoration. In one of the 
fragmenta of this poet, prescried bj Macrobius, on the Dccaaion of hia 
qnarrel with Virgil, we find Che word nsed in its novel mode of acceptation. 
" Mmdia Cali veilia eonslilil ailmlie" (Sat. vi., 2). Cicero also says ; 
"fun» IHM luetnler^ muadum veeanni*." (TimEens, S. JeC/njuer., cap. i.) 
The Sanscrit root ntond, from which Pott derives the Ladn mmdui. (Elym. 
ftoncA, th. i., e. 240,) combines the double signification of shining and 
adorning. LOka designates la Sanscrit the world and people in general, 
in the same manner as the French word mande, and is derived, according 
to Bopp, from iiit (to see and shine) ; it is the same with the Sclavonic 
root twjel, which means both lii/hl and world. (Grimm, Deutsche 
Oramm., b. ill., a. 394, German Grummar.) The word welt, which the 
German« maiie nae of at the present day, and which was icerall in old 
German, teorold in old Saxon, sad vSrvld in Anglo-Saxon, was, according 
to James Grimm's interpretation, a period of time, an age (tsmJHni), 
rather than a term need for the world in space. The Etmscani figured to 
themielves mundua as an jnterted dome, sjrmnietricalljr opposed to the 
celestial vault (Ottfried MUller'a B(j™*m, th. ii,, s. 96, *o.) Token 
in a «till more limited sense, the word appears to have sigoified amongst 
the Goths the terrestrial surface girded by loas (marei, mm), the merigard, 
literally garden itfieat. 
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munduMf wHdb, in its 'pnmary meaning, indicated nothing 
more than ornament, and did not even imply order or regu- 
larity in the disposition of parts. It is probable that the 
introduction into the language of Latium of this technical 
term as an equivalent for Cosmos, in its double signification, is 
due to Emiius,* who was a follower of the Italian school, and 
the translate of the writings of Epicharmus and some c^ his 
pupils, on the Pythagorean philosophy. 

We would first ^stinguish between the physical hi$kmf 
and the physical deacnption of the world, llie £armer, oon- 
ceived in the most general sense of the word, ought, if mate- 
rials for writing it existed, to trace the variations e^^rienced 
by the universe in the coiurse of ages, fix>m the new stars 
which have suddenly appeared and disappefured in the vaxüt 
of heaven, from nebubß dissolving or condensing,— 4o the first 
stratum of cryptogamic vegetation on the stül imperfcKsl^ 
cooled sur&ce of the earth, or on a reef of ccmil uplifls4 
from the depths of ocean. I^ physical deaenpUon qf i» 
world pres^its a picture of all that exists in spaee— of the 
simultaneous action of natural forces together wil}i the phe- 
nomena which they produce. 

But if we would correctly comprehend nature, we omst 
not entirely or absolutely separate the consideration of the 
present state of things from that of the successive phases 
through which they have passed. We cannot form fi just 
conception of their nature without looking back on the mode 
of their formation. It is not organic matter alone t]iat is 
continually undergoing change and being dissolved tP |c47P 
new combii^tions. The globe itself reveals at evary phase 
of its existence the mystery cÄ its former cmiditions. 

We cannot survey the crust of our planet without recog- 
nising the traces of the prior existence and destruction of an 
organic world. Thp sedimentary rocks present a sncce^ 
sion of organic forms, associated in groups, which have wos> 
cessively displaced and succeeded each other. The diffezent 

* See, on Ennios, the ingenious researches of Leopold Krahner, in his 
Grundlinien zur Oeechichte des Vetfalh der Römischen Staats-Beligiott, 
1837, s. 41 — 45 (Oatlines of the History of the Decay of the Esta- 
hlished Religion amongst the Romans). In all probability Ennins did 
not quote from writings of Epicharmus himself, but from poems composed 
in the name of that philosopher, and in accordance with his fiews. ' 
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snperimpoted «trata thus display to us the faunas and floras of 
different epochs. In this sense the description of nature is 
intimately connected with its history; and the geologist, 
who is guided by the connection existing amongst the &cts 
observed, cannot form a conception <^ tiie present without 
pursuing, through countless ages, the history of the past, 
la .tracing the physical delineation of the globe, we b^dd 
the present and the past reciprocally incorporated, as it were, 
with one another; for the domain of nature is like that of lan- 
guages, in which etymological research reveals a successive 
development, by showing us the primary condition of an idiom 
reflected in the forms of speech in use at the present day. 
The study of the material world renders this reflection of the 
past peculiarly manifest, by displaying in the process of for- 
mation rocks of eruption and sedunqntary strata, similar to 
those of former ages. K I may be allowed to borrow a strik- 
ing illustration from the geological relations by which the 
nhysiognomy of a country is determined, I would say that 
domes of trachyte, cones of basalt, lava-streams {coulees) of 
amygdaloid with elongated and parallel pores, -and white 
deposits of pumice, intermixed with black scorisB, animate the 
scenery by the associations of the past which they awaken — 
acting upon the imagination of the enlightened observer like 
traditional records of an earlier world. Their form is their 
history. 

The sense in which the Greeks and Komans originally em- 
ployed the word history^ proves that they too were intimately 
convinced that to form a complete idea of the present state of 
the xmiverse, it was necessary to consider it in its successive 
phases. It is not, however, in the definition given by Valerius 
flaccus,* but in the zoological writings of Aristotle, that the 
word history presents itself as an exposition of the results of 
experience and observation. The physical description of lihe 
world by Pliny the elder, bears the title of Natural History, 
while in the letters of his nephew it is designated by the 
nobler term of History of Nature, Hie earlier Greek his- 
torians did not separate the descriptions of countries from 
the narrative of events of which they had been the theatre. 
With these writers, physical geography and history were long 
intimately associated, and remained simply but elegantly 
blended until the period of the development of political int^- 

* Aul. GeU.. Nod. Att., v. 18. 
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rests, when the agitation in which the lives of men were 
passed caused the geographical portion to be banished from 
the history of nations, and raised into an independent 
science. 

It remains to be considered whether, by the operation of 
thought, we may hope to reduce the immense diversity of 
phenomena comprised by the Cosmos to the unity of a prin- 
ciple, and the evidence afforded by rational truths. In the 
present state of empirical knowledge, we can scarcely flatter 
ourselves with such a hope. Experimental sciences, based 
on the observation of the external world, cannot aspire to 
completeness ; the nature of things, and the imperfection of 
our organs, are alike opposed to it. We shall never succeed 
in exhausting the immeasurable riches of nature; and no 
generation of men will ever have cause to boast of having 
comprehended the total aggregation of phenomena. It is only 
by distributing them into groups, that we have been able, in the 
case of a few, to discover the empire of certain natural laws, 
grand and simple as nature itself. The extent of this empire 
will no doubt increase in proportion as physical sciences are 
more perfectly developed. Striking proofs of this advance- 
ment have been made manifest in our own day, in the pheno- 
mena of electro-magnetism, the propagation of luminous 
waves and radiating heat. In the same manner, the fruitM 
doctrine of evolution shows us how, in organic development, 
all that is formed is sketched out beforehand, and how the 
tissues of vegetable and animal matter imiformly arise from 
the multiplication and transformation of cells. 

The generalization of laws, which being at first boimded by 
narrow limits, had been applied solely to isolated groups of 
phenomena, acquires in time more marked gradations, and 
gains in extent and certainty, as long as the process of reason- 
ing is applied strictly to analogous phenomena; but as soon 
as dynamical views prove insufficient where the specific pro- 
perties and heterogeneous nature of matter come into play, it is 
to be feared that by persisting in the pursuit of laws we may 
find our course suddenly arrested by an impassable chasm. 
The principle of unity is lost sight of, and the guiding clue 
is rent asunder whenever any specific and peculiar kind of 
action manifests itself amid the active forces of nature.. The 
law of equivalents and the numerical proportions of composi- 
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tlon, BO happily recognised by modem cliemists, and pro- 
claimed imder the ancient form of atomic Bymhols, still 
remains isolated and independent of laathematical lows of 
motion and gravitation. 

Those productions of nature which are objects of direct 
observation may be l<^cally distribute!), in classes, ordere, and 
fiuniKea. This form of distribution undoubtedly sheds some 
light on descriptive natural history, but the study of organ- 
ised bodies, considered in their linear connection, although it 
may impart a greater degree &f unity and simpKcity to the 
distribution of groups, cannot rise to the height of a classifi- 
cation based on one sole principle of composition and internal 
organisation. As different gradations are presented by the 
laws of nature according to the extent of the horizon, or the 
lirnitB of Üie phenomena to be considered, so there are like- 
wise differently graduated phases in the investigation of the 
external world. Empiricism originates in isolated \-iews, 
which are subsequently grouped according to their analogy or 
disBimilarity. To direct observation succeeds, although long 
afterwards, the wish to prosecute experiments, — that is to 
say, to evoke phenomena under different determined condi- 
tions. The rational experimentaliBt does not proceed at 
hazard, but acts under the guidance of hypotheses, founded 
on a half indistinct and more or less just intuition of the con- 
nection existing among natural objects or forces. That which 
has been conquered by observation or by means of experi- 
ments, leads, by analysis and induction, to the discovery of 
empirical laws. These are the phases in human intellect 
that have marked the different epochs in the life of nations ; 
and by means of which that great mass of facts has been 
accumulated which constitutes at the present day the solid 
basis of the natural sciences. 

Two forms of abstraction conjointly regulate our knowledge, 
namely, relations of yumntily, comprising ideas of number and 
aize, and relations of quality, embracing tlie consideration of 
the specific properties and the heterogeneous nature of matter. 
The former, as being more accessible to the exercise of thought, 
appertains to mathematics, the latter, from its apparent mys- 
teries and greater difficulties, falls under the domain of the 
chemical sciences. In order to submit phenomena to calcu- 
lation, recourse is had to a hypothetical construction of matter. 



68 oosnoff. 

by a combiDatioii of molecules and atoms, whose nimiber, 
form, pofiitum, and polarity determine, modify, or yary phe- 
nomena. 

The mythical ideas long entertained of the imponderaUe 
subsüinces and vital f(HX2es peculiar to each mode d Organiza- 
tion, have complicated our views generally, and shed «p 
uncertain light on the path we ought to pursue. 

The most various f(Hins of intuition have thus, a^ after age, 
aided in augm^iting the prodigious mass of empirical know- 
ledge, which in our own day has been enlarged with eiver 
increasing rapidity. The investigating spirit of man steifes 
from time to time, with varying success, to break thrpvgh 
those ancient forms and symbols invented, to subject rebeOioHS 
matter to rules of mechanical construction. 

We are still very £Ekr from the time wheii it will be posnifa^e 
for us to reduce, by the operation of thought, all that we 
perceive by the senses, to the unity of ß rational pnncifpüe* 
It may even be doubted if such a victory could ever be 
achieved in the field of natural philosophy. The complice 
ti(m of phenomena, and the vast ei^tent of the Cosmos, wo^ld 
seem to oppose such ß. result; but even a partial solution of 
the problem, — ^the tendency towards a comprehension of the 
phenomena of the imiverse,— -will not the less remain the 
eternal and sublime aim of every investigation of nature. 

In conformity with the character of my former writings, as 
well as with the labours in which I have been ei^gaged duirmg 
my scientific career, in measurements, experiments, and the 
investigation oi &cts, I limit myself to vie domain of empi- 
rical ideas. _ . _ 

The exposition of mutually connected £äots does not exolude 
the classification of phenopiena according to their rational 
connection, the generalization of many specialities in the 
great mass of observations, or the attempt to discover laws. 
Conceptions of the universe solely based upon reason and the 
principles of speculative philosophy, would no doubt assign a 
still more exalted aim to l^ie science of the Cosmos. I am ^ 
from blaming the eSortB of others solely because their sueccps 
has hitherto remained very doubtful. Conlarary to the wishes 
and counsels of those profound and powerful thinkers, who 
have given new life tp speculations which were already &mi- 
Uar to the ancients, systems of natural philosophy have in onr 
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intry for some time past tumett aside the niinda of 
im the graver study of mathemafjcal and phj-sical 
The abuse of better powers which has led many irf 
our noble but ill-judging youth into the aatuFnahn of a 
purely ideal scienoe of nature hofi been signalised by tlic iiL- 
toxication of pretended conquests, by a novel and fantastically 
symbolical phraseology, and by a predilection for the formolie 
cf a scholastic rationolifim, more contracted in its views than 
any known to the middle oges. I use the expression " abuse 
of better powers," because superior intelleeta devoted to pbi- 
loaophical pureuits and esperimental sciences have remained 
Etrangers to these saturnalia. The resulte yielded by an 
earnest investigation in the path of eiperimöit, cannot be 
at variance with a true philosophy of nature. If there be 
any contradiction, the lault must lie either in the imsouudneSB 
of speculation, or in the exaggerated pretensions of empiri- 
ciam. which thinks that more is proved by experiment than 
is actually derivable from it. 

External nature may be opposed to the intellectual world, 
as if the latter were not comprised within the limits of the 
former; or nature may be opposed to art when the latter is 
defined as a manifestation of the intellectual power of man; 
but these contrasts, which we find reflected in the moat cul- 
tivated languages, must not lead ua to separate the sphere of 
nature from that of mind, since such a separation would 
reduce the physical science of the world to a mere aggrega^ 
tion of empiriöil specialities. Science does not present itself 
to man, until mind conquers matter, in striving to subject the 
result of experiments! investigation to rational combinations. 
Science is the labour of mind applied to nature, but the estei- 
nol world lias no real existence for us beyond the image 
reflected within ourselves through the medium of the scusea. 
As intelligence and forma of speech, thought and its verbal 
symbnlfi, arc united by secret and indissoluble links, so does 
the external world blend almost unconsciously to ourselves 
with our ideas and feelings. "■ External phenomena,"' says 
Hegel in his PlUhtophy of Hialory, " are in some degfree 
translated in our inner representations." The objective world. 
OtHiceived and reflected within us by thought, is subjected to 
the eternal and necessary conditions of our intellectual being. 
The activity of the mind exercises itself on the elements for» 
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xdslied to it by the perceptions of the senses. Hins in the 
early ages of mankind there manifests itself in the simple 
intuition of natural &cts, and in the efibrts made to compre- 
hend them, the germ of the philosophy of nature. These 
ideal tendencies vary, and are more or less powerful, accord- 
ing to the individual characteristics and moral dispositions of 
nations, and to the d^rees of their mental culture, whether 
attained amid scenes of nature that excite or chill the imagi- 
nation. 

History has preserved the record of the numerous attempts 
that have been made to form a rational conception of the 
whole world of phenomena, and to recognise in the universe 
the action of one sole active force by which matter is pene- 
trated, transformed and animated. These attempts are 
traced in classical antiquity in those treatises on the princi^to 
of things which emanated from the Ionian school, and in 
which cdl the phenomena of nature were subjected to hazard- 
ous speculations, based upon a small niunber of observations. 
By degrees, as the influence of great historical events has 
fitvoured the development of every branch of science sup- 
ported by observation, that ardour has cooled, which formerly 
led men to seek the essential nature and connection of things 
by ideal construction and in purely rational principles. In 
recent times, the mathematical portion of natural philosophy 
has been most remarkably and admirably enlarged. The 
method and the instrument (analysis) have been simulta- 
neously perfected. That which has been acquired by means 
eo different— by the ingenious application of atomic supposi- 
tions, by the more general and intimate study of phenomena, 
and by the improved construction of new apparatus — iB the 
common property of mankind, and should not in our opinion 
now, more than in ancient times, be withdrawn from the 
free exercise of speculative thought. 

It cannot be denied, that in this process of thought the 
results of experience have had to contend with many disad- 
vantages; we must not therefore be surprised if in the per- 
petual vicissitude of theoretical views, as is ingeniously 
expressed by the author of Giardano Bruno^ " most men see 
nothing in philosophy but a succession of passing meteors, 

* Schelling's Bnino, üöer das göttliche tindf wtturaUehe Princip, der 
Dingey § 181 (Bnmo, on the Divine and Natural Prindple^^f TMnge). \ 
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whilst even the grander forms in which she has revealed 
herself share the fate of comets, bodies that do not rank in 
popular opinion amongst the eternal and permanent works of 
nature, but are regarded as mere jftigitive apparitions of 
isneous vapour." We would here remark that the abuse of 
mought and the false track it too often pursues, ought not to 
sanction an opinion donatory to intellect, which would imply 
that the domain of mind is essentially a world of vague fan- 
tastic illusions, and that the treasures accumulated by laborious 
obseryations in philosophy are powers hostile to its own empire. 
It does not become the spirit which characterises the present 
age, distrustfoUy to reject every generalization of views, and 
every attempt to examine into the nature of things by the 
process of reason and induction. It would be a denial of the 
dignity of human nature and the relative importance of the 
fiicalties with which we are endowed, were we to condemn 
at one time austere reason engaged in investigating cause» 
and their mutual connections, and at another that exercise of 
the imagination whch prompts and excites discoveries by its 
creative powers. 
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Chafteb I. 

DEUKSATIOK OF NATURE. QSNSRAL BEYDSW Of 

NATURAL PHENOKBNA. 

When the hamaii mind first attempts to sdbjeot to its 
control the world of physical phenomena^ aad striyes hy 
meditative contemplation to penetrate the rich korariaBoe <s 
living nature, and the mingled web of free and xestrieted 
natond forces, man feels himself raised to a height from 
whence, as he embraces the tast horison, indirichiiil tJuass 
blend together in varied groups, and appear as if shrouded m 
a vapoury veiL These figurative expressions ore used in 
order to illustrate the point of view from whence we fTouid 
consider the universe both in its celestial and terrestrial 
sphere. I am not insensible of the boldness of snob an mi-r 
dertaking. Among all the forms of exposition to which these 
pages are devoted, there is none more ^fficult than the general 
delineation of nature, which we purpose sketching, since we 
must not allow ourselves to be overpowered by a sense of the 
stupendous richness and variety of the forms presented to us, 
but must dwell only on the consideration of masses, either 
possessing actual magnitude or borrowing its semblance from 
the associations awakened within the subjective sphere of 
ideas. It is by a separation and classification of phenomena, 
by an intuitive insight into the play of obscure forces, and by 
animated expressions, in which die perceptible spectacle is 
reflected with vivid truthfulness, that we may hope to com- 
prehend and describe the universal all {t6 nav) in a manner 
worthy of the dignity of the word Cosmos in its signification 
of universe, order of the world and adornment of this universal 
order. May the immeasurable diversity of phenomena which 
crowd into the picture of nature in no way detract from that 
harmonious impression of rest and unity, which is the ultimate 
object of every literary or purely artistical composition. 

Beginning with the depths of space and the regions of 
remotest nebulee, we will gradually descend through tke staiiy 
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zone to whidi onr solar system belongs, to otat own terrestrial 
8|»heroid, circled by air and ocean, there to direot our atten- 
tion to its farm, temperature, and magnetic tension, and to 
consider the fulness of organic life uiSblding itself upon its 
sor&ee beneath the vivifying influence of light. In this 
manner a picture of the world may, with a few strokes, be 
made to include the ileahns of infinity no lesä than the minute 
microscopic animal and vegetable organisms, which exist in 
standing waters, and on the weathi^-beaten surface of our 
rocks. All that can be perceived by the senses, and all that 
has been accumulated up to the present day by an attentive 
and vftrionsly directed study of nature, constitute the materials 
&om which this representation is to be dittwn, whose character 
is* an evidence of its fidelity and truth. But the descriptive 
pieture of nature which we purpose drawing, must not enter 
too fblly into detail, since a minute enumeration of all vital 
forms, natural objects and processes is not requisite to the 
completeness of Üie undertaking. The delineator of nature 
must resist the tendency towards endless division, in order to 
avoid the dangers pi'esented by the very abundance of our 
empirical knowledge. A considerable portion of the quali- 
tative properties of matter— or, to speak more in accordance 
with the language of natural philosophy, of the qualitative 
expression of forces^ — is doubtlessly still xmknown to us ; and 
the attempt perfectly to represent imity in diversity must 
therefore necessarily prove unsuccessful. Thus besides the 
pleasure derived froin acquired knowledge, there lurks in the 
ndnd of man, and tinged with a shade of sadness, an imsatis- 
fied longing for something beyond the present — a striving 
towards regions yet unknown and imopened. Such a sense 
of longing binds still faster the links which in accordance 
with the supreme laws of our being connect the material with 
the ideal world, and aniriiates the mysterious relation existing 
between that which the- mind receives ffom without, and that 
which it reflects fi'om its own depths to the external world. 
If then nature (understanding by the tfeim all natural objects- 
and phenomena) be illimitable in extent and contents, it like- 
wise presents itself to the human intellect as a problem which 
cannot be grasped, and whose solution is impossible, since it 
iiequires a knowledge of the combined action of all natural 
ibras. Such an acknowiedgment is due whei^ the actual 
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state and prospective development of phenomena constitute 
the sole objects of direct investigation, which does not venture 
to depart from the strict rules of induction. But although 
the incessant effort to embrace nature in its universality may 
remain imsatisfied, the history of the contemplation of the 
imiverse (which will be considered in another part of this 
work) will teach us how, in the course of ages, mankind has 
gradually attained to a partial insight into Üie relative depen- 
dence of phenomena. My duty is to depict the results of our 
knowledge in all their b^irings with reference to the present. 
In all that is subject to motion and change in space, the 
ultimate aim, the very expression of physical laws depend 
upon mean numerical values; which show us the constant 
amid change, and the stable amid apparent fluctuations of 
phenomena. Thus the progress of modem physical science 
IS especially characterised by the attainment and the rectifi- 
cation of tne mean values of certain quantities by means of 
the processes of weighing and measuring. And it may be said, 
that the only remaining and widely diffiised hieroglyphic 
characters stül in our writing — numhera — ^appear to us again, 
as powers of the Ck)smos, alüiough in a wider sense than that 
applied to them by the Italian School. 

The earnest investigator delights in the simplicity of nu- 
merical relations, indicating the dimensions of the celestial 
regions, the magnitudes and periodical disturbances of the 
heavenly bodies, the triple elements of terrestrial magnetism, 
the mean pressure of the atmosphere, and the quantity of 
heat which the sun imparts in each year, and in every season 
of the year, to all points of the solid and liquid surface of our 
planet. These sources of enjoyment do not, however, satisfy 
the poet of nature, or the mind of the inquiring many. To 
Doth of these the present state of science appears as a blank, 
now that she answers doubtingly, or wholly rejects as im- 
answerable, questions, to which former ages deemed they 
could j^imish satisfactory replies. In her severer aspect, and 
clothed with less luxuriance, she shows herself deprived of 
that seductive charm with wldeh a dogmatising and symbo- 
lising physical philosophy knew how to deceive the under- 
standing and give the rein to imagination. Long before the 
discovery of tibe new world, it was, believed that new lands in 
the &r West might be seen from the shores of the Canaries 
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and the Aaores. These illusive images were owhig not to any 
extroordinary reftaction of the rajB of light, but produced by 
Ka eager louging for the distant and die imattaiiied. The 
'ly of the Greeks, the physical viewa of the middle 
1 even thofle of a more recent period have been 
itly imbued with the charm springing from Himilar 
phantems of the imagination. At the liinita of circum- 
knowledge, as fcom some lofty island shore, the eye 
delights to penetrate to distant regions. The belief in the 
micommon and the wonderful lend'» a definite outline to every 
manifestatioii of ideal creation ; and the realm of fancy — a 
fairy-land of cosmological, gec^^iostical and magnetic visions — 
becomes thus involimtarily blended with the domain of 
reality. 

Ntiture, in the manifold signification of the word — whether 
considered as the universidity of all that is, and ever will be — 
ah the inner moving force of all phenomena, or as their mys- 
terious prototype — reveals itself to the simple mind and 
feelings of man aa eomething earthly, and closely allied to 
It is only within Üie animated circles of organic 
that we ifeel ourselves peculiarly at home. Thus 
the earth unfolds her fruits and flowers, and gives 
ftod to conntless tribes of animals, there the image of nature 
impresBes itself most vividly upon our senses. The impression 
thus produced upon our minds limits itself almost exclusively 
to the reflection of the eartldy. The starry vault and the 
wide expanse of the heavens, belong to a picture of the uni- 
Terse, in which the magnitude of masses, the number of 
congregated suns and fitintly glimmering nebulae, although 
they excite our wonder and astonishment, manifest themselves 
to ua in apparent isolation, and ns utterly devoid of al! evi- 
dence of tieir being the scenes of organic life. Thus even in 
the earliest physical views of mankind, heaven and earth have 
been separated and opposed to one another as an upper and 
lower portion of space. If then a picture of nature were to cor- 
respond to the requirements of contemplation by the senses, it 
ought to begin with a delineation of our native Earth, It should 
depict first the terrestrial planet as to its size and form ; its 
*"" ' ig density a:id heat at increasing depths in its super- 
solid and liquid strata ; the separation of sea and 
and the vital forms animating bolii, developed in tha 
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eellnlar tisBiies of plants and aninuUR ; the atmospiheric oeean 
with its waves and currents, through which pierce the Iborest- 
crowned summits of our mountain diains. After this delinea- 
tion of urelj telluric relations, the eye would rise to tiie 
celestial regions, and the Earth would then, as the well-known 
seat of organic deyelopment, be considered as a planet, ocea- 
PP^S place in the series of those heayenlj bodies which 
circle round one of the innumerable host of self-luminoas 
stars. This succession of ideas indicates the course pursued 
in the earliest stages of perceptiye contemplation, and xeminds 
MS of the ancient conception of the '' sea-girt disc of earth,'' 
supporting the vault of heayen. It b^ns to exercise its 
action at the spot where it originated, and passes from the 
consideration of the known to the imknown, of the near to ike 
distant. It corresponds with ihe method pursued in our 
elementary works on astronomy, (and which is so admirable 
in a mathematical point of view,) of proceeding from the 
apparent to the real movements of tiie heavenly bodies. 

Another course of ideas must, however, be pursued in a 
work, which proposes merely to give an expositian of what is 
known--of what may in the present state of our knowledge 
be regarded as certain, or as merelv probable in a greater or 
lesser degree—^and does not enter mto a consideration of tiie 
proofs on which such results have been based. Here therefixre 
we do not proceed from the subjective point of view of hnnupi 
interests. The terrestrial must be treated only as « part, 
subject to the whole. Tlie view of nature ought to be graad 
and free, uninfluenced by motives of proximity, social sym- 
pathy, or relative utility. A physical cosmography-^*-« pictare 
ii the universe^^-does not begin, therefore, with the terrestzisl, 
but with that which fQls the regions of space. But as tke 
sphere of contemplation contracts in dimensian our percep- 
tion of the richness of individual parts, the fulness cf phy- 
sical phenomena, and of the heterogeneous properties of 
matter becomes enlarged. From the r^ons in which we 
recognise only iiie dominion of the laws of attractian, we 
descend to our own planet, and to the intricate play of teoes-^ 
trial forces. The method here described for toe deüftentioa 
of nature, is opposed to liiat which Ixmst be pursued m etta- 
blishing conclnsive results. The one enumerates whttt liie 
^eliher demonstrates. 
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Man leanifi to know ükt external world through the organs 
of the senses. Phenomena of light prodaim the existence of 
matter in remotest space, and the eye is thus made the medium 
Üirough which we may contemplate the imiverse. The dis- 
covery of telescopic vision more than two centuries ago, has 
tnmsmittied to latest generaticms a power, whose limits are 
as yet nnattained. 

The first and most general consideration in the Cosmos is that 
of the content* of ^Mcey'^-^e distribution of matter, or of crea- 
tion, as we are wont to designate the assemblage of all that is 
and ever wiU be developed. We see matter either agglomerated 
into rotating, revolvuig spheres of different density and size, 
or scattered through space in the form of self-luminous vapour. 
K we consider first the cosmical vapour dispersed in definite 
nebulous spots, its state of aggregation will appear constantly 
to vary. Sometimes^ appearing separated into round or ellip- 
tical discs, single or in pairs, occasionally connected by a 
thread of light ; whilst, at another time, these nebulsB occur 
in forms of larger dimensions, and are either elongated, or 
variously branched, or fan-shaped, or appear like weU-defined 
rings, enclosing a dark interior. It is conjectured that these 
bodies are undergoing variously developed formative processes, 
as the cosmical vapour becomes condensed in conformity with 
the laws of attraction, either round one or more of the nuclei. 
Between two and three thousand of such unresolvable nebidae, 
in which the most powerful telescopes have hitherto been 
unable to distinguish the presence of stars, have been counted, 
and their positions determined. 

The genetic evolution — that perpetual state of development 
which seems to affect this portion of the regions of space-«« 
has led philosophical observers to the discovery of the analogy 
fyiftting among organic phenomena. As in our forests we sec 
the same kind of tree in all the various stages of its growth, 
and are thus enabled to form an idea of progressive, vital 
development ; so do we also in the great garden of the uni- 
verse recognise the most different phases of sidereal formation. 
The process of condensation, which formed a part of the 
doctrines of Anaximcnes, and of the Ionian School, appears 
to be going on before our eyes. This subject of investigation 
and conjecture is especially attractive to the imagination, for 
in the study of the animated circles of natoie, and ot liÜEi!^ 
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«ction of all the moving forces of the universe, the charm that 
exercises the most powerful influence on the mind is derived 
less from a knowle<^ of that which is, than from a perception 
of that which toül be, even though the latter be nothing more 
than a new condition of a known material existence; for of 
actual creation, of origin, the beginning of existence from 
non-existence, we have no experience, and can therefore form 
mo conception. 

A comparison of the various causes influencing the develop- 
ment manifested by the greater or less degree of condensation 
in the interior of nebulae, no less than a successive course of 
-direct observations have led to the belief that changes of 
^orm have been recognised first in Andromeda, next in the 
^constellation Argo, and in the isolated filamentous portion of 
the nebula in Onon. But want of uniformity in the power of 
the instruments employed, diflerent conditions of our atmo* 
r«phere, and other optical relations, render a part of the results 
invalid as historical evidence. 

Nebulous stars must not be confounded either with irregu- 
'iarly-shaped nebulous spots, properly so called, whose separate 
parts have an imequal degree of brightness (and which may 
perhaps become concentrated into stars as their circumference 
r-contracts), nor with the so-called planetary nebulae, whose 
circular or slightly oval discs manifest in all their parts a 
perfectly imiform degree of faint light. NebuUms stars are 
not merely accidental bodies projected upon a nebulous ground, 
3)ut are a part of the nebulous matter constituting one mass 
with the body which it surrounds. The not unfrequently con- 
siderable magnitude of their apparent diameter, and the 
jremote distance from which they are revealed to us, show 
'that both the planetary nebulae and the nebulous stars must 
be of enormous dimensions. New and ingenious considera- 
rtions of the different influence exercised by distance* on the 
intensity of light of a disc of appreciable diameter, and of a 
single self-luminous point, render it not improbable,' that the 
planetary nebulae are very remote nebulous stars, in which 

* The optical considerations relative to the di£ference presented by a 
single luminous point, and by a disc subtending an appreciable angle, in 
which the intensity of light is constant at every distance, are explained 

•in Arago's AnaXyse des Travavx de Sir William Hersckelf {Ann/uaire 

!>du Bureau des Long., 1842, pp. 410-412, and 441.) 
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the di£R9rence between the central body and the surrounding' 
nebulous covering can no longer be detected by our telescopic 
instruments. 

The magnificent zones of the southern heavens, between 50^ 
and 80°, are especially rich in nebulous stars, and in com- 
pressed unresolvable nebulae. The larger of the two Magel- 
lanic clouds, which circle roimd the starless, desert pole of the 
South, appears, according to the most recent researches,* as^ 
** a collection of clusters of stars, composed of globular clusters 
and nebulse of different magnitude, and of large nebulous spots^ 
not resolvable, which producing a general brightness in the - 
field of view, form as it were the back-ground of the picture.'*^' 
The appearance of these clouds, of the brightly beaming con- 
stellation Argo, of the Milky Way between Scorpio, the 
Centaur and the Southern Cross, the picturesque beauty, if * 
one may so speak, of the whole expanse of the Southern 
celestial hemisphere, has left upon my mind an ineffaceable- 
impression. The zodiacal light which rises in a pyramidal 
form, and constantly contributes, by its mild radiance, to the 
external beauty of the tropical nights, is either a vast nebulous 
ring, rotating between the Earth and Mars, or, less probably, 
the exterior stratum of the solar atmosphere. Besides these - 
luminous clouds and nebulsB of definite form, exact and corres> 
ponding observations indicate the existence and the general 
distribution of an apparently non-luminous infinitely-divided 
matter, which possesses a force of resistance, and manifests its 
presence in Encke*s, and perhaps also in Biela's comet, by 
diminishing their eccentricity and shortenixig their period of 

* The two Magellanic clouds, Nubecula mfyor and Nubecula minor,.^ 
are veiy remarkable objects. The larger of the two is an accumulated 
mass of stars, and consists of clusters of stars of irregular form, either 
eonical masses or nebulae of different magnitudes and degrees of con- 
densation. This is interspersed with nebulous spots, not resolvable inta 
stars, but which are probably «tor dust^ appearing only as a general 
radiance upon the telescopic field of a twenty-feet reflector, and forming 
a luminous ground on which other objects of striking and indescribable 
fimn are scattered. In no other portion of the heavens are so many 
nebolons and stellar masses thronged together in an equally small si>ace» 
Kubecula minor is much less beautiful, has more unresolvable nebuloua 
light, whilst the stellar masses are fewer and fainter in intensity. — (From., 
a letter of Sir John Herachel, Feldhu}'8en, Cape of Good Hope, 18th 
June, 1886.) 
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revolution. Of this impeding, ethertal, and oosmieal matter, 
it may be siq>po8ed that it is in motion; that it grayitates not- 
withstanding its original tenuity ; that it is condensed in the 
vicinity of the great mass of the Smi ; and finally, that it may, 
for myriads of ages, hare been augmented by the yapour 
emanating from the tails of comets. 

If we now pass from the coosideratioii of toe Taporoiis 
matter of the immeasurable regions of space (ovpamw x^pros)*.-^ 
whether, scattered without dd&nite form and limits, it exists 
as a cosmical ether, or is ccmdensed into nebulous spots and 
becomes comprised among the solid agglomerated bodies of 
the imlverse — we i^proach a class of phenomena exdusiy^ 
designated by the term b^ stars, or as the sidereal world. 
Here, too, we find differences existing in the sdidity or den- 
sity of the spheroidally agglomerated matter. Our own solar 
system presents all stages of mean density (or of the relatioii 
oi volume to nu%8s). On comparing the planets from Mercioy 
to Mars with the Sun and with Jupiter, and these two last 
named with the yet inferior density of Saturn, we arrive, by a 
descending scale, — to draw our ülustratioai from terrestrial 
substances, — at the respective densities of antimony, honey, 
water, and pine wood. In comets, which actually constitute 
the most considerable porticm of our solar system with ree^pect 
to the number of individual forms^ the concentrated part, 
usually termed the head, or nucleus^ transmits sidereal light 
imimpaired. The mass of a oomet probably in no case equals 
the five thousandth part of that of the earth, so dissinular axe 

* I should lutve made use, in the place of garden of the umyerse, of 
the beautiful expression x^pTog ovpavov, borrowed by Hesjchius from an 
unknown poet, if x^'P^oc had not rather signified in general an enclofied 
space. The connexion with the Oerman Oarten, and the English gar- 
den, gards in Qothic (derived, according to Jacob Grimm, from gair- 
dem, to gird), is, howerer, eyident, as is likewise the affinity with 
the Sclavouic grad, gorod, and as Pott remarks, in his EtyinoL For* 
echungen, th. i. s. 144 (Etymol. Eesearches), with the Latin c&otv, 
whence we have the Spanish corie, the French cour, and the English w<»d 
court, together with the Ossetic Ichart. To these may be fur^r added 
the Scandinavian gard\ gdrd, a place enclosed, as a court, or a country 
seat, and the Persian gerd, gird, a district, a circle, a princely countiy 
seat, a castle or city, as we find the term applied to the names of places 
in Firdusi's Schahnameh, as Siyawahachgird, Dcurabgird, &c 

• [This word is written gaard in the Danish.] — TV, 
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the formatiye processes mani^bsted in the original and per- 
ha;pß still progreseiTe agglomerations of matter. In proceed- 
ing from general to special considerations, it was particularly 
d^irable to draw attenti<m to this diversity, not merely as a 
possible, btit as an actually proyed &ct. 

The purely speculative conclusions arrived at hy Wright, 
Kant, and Lambert, ccmceming the general structural ar- 
rangement of the universe, and of the distribution of matter 
in ^Mtce, have been confirmed by Sir WiUiam Herschel on 
the more certain path <^ observation and measurement. That 
great and enthusiastic, although cautious observer, was the 
first to sound the deptl» of h^ven in order to determine the 
limits and Icnrm of the starry stratum which we inhabit ; and 
he too was the first who ventured to throw the light of inves- 
tigation upon the relations existing between the position and 
distance of remote nebuke and our own portion of the sidereal 
universe. William Herschel, as is well expressed in the ele- 
gant inscription on his monimient at Uptcm, broke through 
tiie indosures of heaven (^coelorum penypii clauaira), and, like 
another Columbus, penetrated into an imknown ocean, from 
which he beheld coasts and groups of islands, whose true posi- 
tion it remains for fiiture ages to determine. 

Considerations regarding the different intensity of light in 
stars, and their relative number, that is to say, their nume- 
rk»l frequency on telescopic fields of equal magnitude, have 
led to the assumption of imequal distances and distribution in 
Bpace in the strata which they compose. Such assumptions, 
in as &r as they may lead us to draw the Hniits of the indi- 
vidual portions of the imiverse, cannot o&sr the same degree of 
mathematical cartainty as that which may be attained in all 
that relates to our solar system, whether we consider the 
rotation of double stars with unequal velocity round one com- 
mon centre of gravity, or the apparent or true movements of 
aV the heavenly bodies. If we take up the physical descrip- 
tion of the universe from the remotest nebulae, we may be 
inclined to compare it with the mythical portions of history. 
The one begins in the obscurity of antiquity, the other in that 
of inaccessible space ; and at tiie point where reality seems to 
flee before us, imagination becomes doubly incited to draw 
from its own frilness, and give definite outline and permanence 
to the changing forms of objects. 
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If we compare the regions of the universe with one of the 
island-studded seas of our own planet, we may imagine mat- 
ter to be distributed in groups, either as imresolvable nebule 
oi different ages, condensed around one or more nuclei, or as 
already agglomerated into clusters of stars, or isolated sphe- 
roidal bodies. The cluster of stars, to which our cosmical 
island belongs, forms a lens-shaped, flattened stratum, detached 
on every side, whose major axis is estimated at seven or 
eight hundred, and its minor one at a hundred and fifty times 
the distance of Sirius. It would appear, on the supposition 
that the parallax of Sirius is not greater than that accurately 
determined for the brightest star in the Centaur (0'^-9128), 
that light traverses one distance of Sirius in three years, 
whUst it also follows from Bessel's earlier excellent Memoir* 
on the parallax of the remarkable star 61 Cygni (0''*3483), 
(whose considerable motion might lead to the inference of 
great proximity), that a period of nine years and a quarter is 
required for the transnussion of light from this star to our 
planet. Our starry stratum is a disc of inconsiderable thick- 
ness, divided a tlurd of its length into two branches ; it is 
supposed that we are near this division, and nearer to the 
region of Sirius than to the constellation Aquila, almost in 
the middle of the stratum in the line of its thickness or minor 
axis. 

This position of our solar system, and the form of the whole 

♦ See Maclear's " Results from 1889 to 1840,** in the Trans, qf the 
Astronomical 8oc., vol. xii. p. 870, on a Centauri, the probable meut 
error being 0''*0640. For 61 Cygni, see Besael, in Schumacher's Jahr- 
blich, 1839, 8. i7, and Schumacher's Astron. Nachr., bd. zviii. s. 401, 
402, probable mean error, 0'''0141. With reference to the relative 
distances of stars of diJSerent magnitudes, how those of the third mag- 
nitude may probably be three times more remote, and the manner 
in which we represent to ourselves the material arrangement of the' 
starry strata, I have found the following remarkable passage in Kepler's 
Epitome Astronomice Copemicance, 1618, t. i. lib. 1, p. 34-89 : — 
" Sol hie noster nil aliud est quam una ex ßads, nobis vruijor et darior 
visa, quia propior quamfixa. Pone terram stare ad latus, una semi- 
diam^tro vice Uictece, tunc hcec via Icuiea apparebit drculus parvus, 
vel ellipsis parva, tola dedinans ad IcUus alteram, eritque simul una 
intuitu conspicua, qwB nunc non potest nisi dimidia conspid quovis 
momerUo. Ita/quefccamm sphcera non tantum orbe steUarum, sed etiam: 
eirculo lactis versus nos deorsum est terminaia," 
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discoidal stratum, have been inferred &om sidereal suUcs, tliat 
is to Bay, from that method of counting the stars to which I 
have already alluded, and which is based upon the equidis- 
tant subdivision of the telescopic field of ricw. The relative 
depth of the stratum in all directions is measured by the 
greater or smaller number of stars appearing in each division. 
These divisions give the length of the ray of \'iBion in the same 
manner as we measiu;e the depth to which the plunnuet has 
been thrown, before it reaches the bottom, a)though in the 
case of a starry stratum there cannot, correctly speaking, be 
any idea of depth, but merely of outer limits. In the direc- 
tion of the longer axis, where the stars lie behind one another, 
the more remote ones appear closely crowded ti^ether, united, 
as it were, by a milky-white r&diance, or luminous vapour, 
and ore pcrspcctively grouped, encircling as in a zone the 
Tisible vault of heaven. 'ITiis narrow and hrauchecl girdle, 
studded with radiant light, and here and there interrupted by 
dark spots, deviates only by a few degrees from forming a 
perfect large circle round the couoare sphere of heaven, 
owing to our being near the centre of the large starry cluster, 
and almost on the plane of the Milky Way. If our planetary 
system were &r outside this cluster, the Milky Way would 
appear to telescopic vision as a ring, and at a stiil greater 
distanci! aa a resolvable discoidal nebula. 

Amongst the many self-luminous moving suns, erroneooely 
called fixed stars, which constitute our cosraical island, our 
own sun is the only one known by direct observation to 
be a central body in its relatione to spherical agglomeratioDB 
of matter directly depending upon and revolving round it, 
either in the form of planets, comets, or aerolite-asteroids. 
Aa far as wc have hitherto been able to investigate tnulliple- 
stars (double stars or suns), ttese bodies are not subject, 
with respect to relative motion and illumination, to the same 
planetary dependence that characterizes our own solar system. 
Two or more self-luminous bodies, whose planets and moon, 
if such esist. have hitherto escaped our telescopic powers of 
viaioTi. certainly revolve around one common centre of gravity; 
but tliis is in a portion of space which is probably occupied 
merely by unagglomerated matter, or cosmical vapour, whilst 
in our system the centre of gravity is often comprised within 
the innermost limits of a cuible central body. If, therefore. 
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vre regard the Sun and the Earth, or the Eartli and the MooOy 
as double stars, and the vfhxAe of ovr planetary solar 83rBtem 
as a multiple cluster of stars, the analogj thus su^ested 
must be limited to the uniyerenlity of the laws of attractiim 
in different systems, being alike applicable to the independent 
processes of light and to the method of illumination. 

For the generalization of cosmical yiews, corresponding 
vriih the ][^an we haye proposed to follow in giving a delinea- 
tion of nature or of the uniyerse, the sc^ar system to whidi 
the Earth belongs may be considered in a twofold relation : 
firstly, with respect to the difiEerent chsses of indiyidnally 
agglcmierated matter, and the relatiye size, conformatioBy 
density, and distance of the heayenly bodies of this system; 
and secondly, with reference to other pcHiions of our stany 
cluster, and of the changes of position of its central body, the 
Sun. 

llie sdar system, that is to say, the yaricusly fbrmea matter 
circling round the Sun, consists acceding to 1^ present state 
of our knowledge of eleven primary pian^,* eighteen sateUites, 

[Sinee the pablicationof Baron Hnmboldt's work, in 1845, seveEal 
other planets have been dificovered, making the number of thoee be- 
longing to our planetary system sixteen instead of eleven. Of these^ 
Astrea, Hebe, Flora, and Iris are members of the remarkable group of 
asteroids between Mars and Jupiter. Astrea and Hebe were disco'FN^ 
by Heneke at Driesen, the (me in 1846 and the other in 1847 ; Flora 
and Iris were both diaeovered in 1847 by Mr. Hind, at the South YilU 
Observatory, R^^nt's Park. It would appear from the latest detezmi" 
nations of their elements, that the smaU planets have the following 
order with respect to mean distance from the Sun : Flora, Iris, Vesta» 
Hebe, Astrea, Juno, Ceres, Pallas. Of these, Flora has the shortest period 
(about 8 J years). The planet Neptune, which after having been predicted 
by sereml astronomers was actually observed on the 25th of September^ 
1846^ is situated on the confines of our planetary system beyond Urann& 
The discovery of this planet is not only highly interesting from the im- 
portance attached to it as a question of science, but also from the evidence 
it affords of the care and unremitting labour evinced by modem astro- 
nomers in the investigation and comparison of the older calculation^ 
and the ingenious application of the results thus obtained to the obser- 
vation of new fiuet». The merit of having paved the way for the dis* 
coveiy of the planet Neptune is due to M. Bouvard, who in his perse- 
vering and assiduous efforts to deduce the entire orbit of Uranus from 
observa tions made during the forty years that succeeded the discovery 
of that planet in 1781, found the results yielded by theory to be at vari- 
aaee witii fMk, in a decree that had no parallel m the histoiy of sste^ 
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or secondary planets — and myriads of comets, three of wliidb, 
known as me ^^ planetary comets^'' do not pass beyond the 
narrow limits of die orbits described by the principal planets. 
We may, with no inconsiderable degree o£ probability, include 
within the domain of our Sun, in tibe immediate s^^re of its 
central force, a rotating ring of Yap(»rous matter, lying pro« 
baUy between the orbits of Venus and Mars, but certainly 

nomy. This startUog discrepaney, which aeemed only to gain additional 
weight from eyeiy attempt made by M. Bouvard to correct his calcula- 
tions^ led Leyerrier, after a careful modifi«ation of the tables of Bouvard, 
to estabfiah tlie pvopositioin that there was ** a formal incompatibility be- 
tween the observed motioDB of Uranus and the hypothesis that he was 
aeted on orUy by the Sun and known planets, according to the law of 
universal gravitation." Pursuing this idea> Leverrier arrived at the 
condnsion that the (üsturhing cause must be a planet, and finally, after 
aa amount of labour that seems perfectly overwhelming, he, on the 31st 
of August, 1846, laid before the French Institute a paper, in which he 
indicated the exact spot ia the heavens where this new planetary body 
would be found, giving the following data for its various elements : 
mean distance from the Sun, 36'154 times that of the Earth ; period of 
revolution, 217387 years; mean long., Jan. 1st, 1847, 318° 47'; mass, 
gj^; heliocentric long., Jan. 1, 1847, 326*^32'. Essential difficulties 
Bdll intervened, however, and as the remoteness of the planet rendered 
it improbable that its disc would be discernible by any telescopic instru- 
ment, no ether means remained for detecting the suspected body but its 
planetaiy moti<m, which could only be ascertained by mapping, after 
eveiy observation, the quarter of the heavens scanned, and by a com- 
parison of the various maps. Fortunately for the verification of Le- 
verrier^s predictions. Dr. Bremiker had just completed a map of the 
preciBe region in which it was expected the new planet would appear, 
this being one of a series of maps made for the Academy of Berlin, of 
the smaU stars along the entire zodiac. By means of this valuable 
asastaace. Dr. Qalle, of the Berlin Observatory, was led, on the ^oth of 
September, 1846, by the discovery of a star of ike eighth magnitude, not 
recorded in Dr. Bremiker's map, to make the first observation of the 
planet predicted by Leverrier. By a singular coincidence, Mr. Adams 
of Cambridge, had predicted the appearance of the planet simultaneously 
with M. Leverrier ; but by the concurrence of several circumstances much 
to be regretted, the world at large were not made acquainted with Mr. 
Adams' valuable discovery untU subsequently to ihe period at which 
Leverrier published his observati(ms. As the data of Leverrier and 
Adams stand at present there is a discrepancy between the predicted 
ahd the true distance, and in some other elements of the planet; 
it remains, therefore, for these or future astronomers to reconcile theory 
with &ct, or perhaps, aa in the case oi Uranus, to make the new planet 
Äe means of leading to yet greater discoveries It would appear from 
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beyond that of the EarÜi * which appears to us in a pyramidal 
form, and is known as the Zodiacal Light ; and a host of very 
small asteroids, whose orbits either intersect, or very nearly 
approach that of our earth, and which present ns with the 
phenomena of aerolites and fisdling or shooting stars. When 
we consider the complication of yariously fom^ bodies which 
revolve romid the Sim in orbits of such dissimilar eccentricity 
—although we may not be disposed, with the immortal author 
of the Micanique Öileste, to regeurd the larger number of comets 
as nebulous stars, passing from one central system to another,! 
we yet cannot fetil to acioiowledge that the planetary system, 
especially so called, (that is, the group of heavenly bodies 
which, together with their satellites, revolve with but slightly 
eccentric orbits round the Sun,) constitutes but a small por- 
tion of the whole system with respect to individual numbers» 
if not to mass. 

It has been proposed to consider the telescopic planets, 
Vesta, Juno, Ceres, and Pallas, with their more closely inter- 
secting, inclined, and eccentric orbits, as a zone of separation, 
or as a middle group in space ; and if this view be adopted, we 
shall discover that the interior planetary group (consisting of 
Mercury, Venus, the Earth, and Mars,) presents several very 
striking contrasts| when compared with the exterior group, 
comprising Jupiter, Saturn, and Uranus. The planets nearest 

the most recent observationB, that the mass of Neptune, instead of 
being, as at first stated, ^:rj i» OJ^J »bout ^jj^o that of the Sun, whilst 
its periodic time is now given with a greater probability at 166 yean, 
and its mean distance from the Sun nearly 80. The planet appears to 
have a ring, but as yet no accurate observations have been made regard- 
ing its system of satellites. See Trans. Astron, Soc, and The Pland 
Neptune, 1848, by J. P. NichoU.]-— TV. 

♦ " If there should be molecules in the zones difiused by the atmo- 
sphere of the Sun of too volatile a nature either to combine with one 
another or with the planets, we must suppose that they would in circling 
round that luminary present all the appearances of zodiacal light, with- 
out opposing any appreciable resistance to the different bodies com- 
posing the planetary system, either owing to their extreme rarity, or 
to the similarity existing between their motion and that of the planets 
with which they come in contact." — Laplace, Expos, du Syst. du Monde, 
(ed. 5.) p. 416. 

+ Laplace, Exp. du Syst. du Monde, pp. 396, 414. 

t Littrow, Astronomie, 1826, bd. xi. § 107. Mädler, Astron^ 
1841, § 212. Laplace, Es^, du Syst. du Monde, p. 21CU 



PLAKETARY SYSTEMS. 77 



the Sun, and eonsequentlj- included in the inner group, are 
of more moderate size, denser, rotate more slowly and with 
ncovlj" equal velocity, (their periods of revolution being almost 
i^ about 24 hours,) are less compressed at the poles, and. with 
the exception of one, are without satellites. The exterior 
planets, which are further removed from the Sun, are very 
considerably larger, have a density five times less, more than. 
twice as great a velocity in the period of their rotation 
round their axes, are more cocnprcssed at the pules, and if 
six satellites may be ascribed to Uranus, have « quantitative 
preponderance in the number of their attendant moons, which 
la as seventeen to one. 

Such general considerations regarding certain characteristic 
properties appertaining to whole groups, cannot, however, be 
applied with equal justice to the individual planets of every 
group ; nor to the relations between the distances of the re- 
volving planets from the central body, and their absolute size, 
density, period of i-otation, eccentricity, and the inclination of 
their orbits and the axes. We know as yet of no inherent 
neceBsity, no raechnnicai natural law, similar to the one 
which teaches us that the squares of the periodic times are 
proportional to the cubes of the major axes, by which the 
above-named sis elements of the planetary bodies and the 
form of their orbit are made dependent either on one another, 
or on their mean distance from the Sun. Mars is smaller 
than the Earth and Venus, although further removed from the 
8iin than these last-named planets ; approaching most nearly 
in «ize to Mercun-, the nearest planet to the Sun. Sat\im is 
smaller than Jupiter, and yet much larger than Uranus. The 
zone of the telescopic planets, which have so inconsiderable a 
volume, immediately precede Jupiter, (the greatest in size of 
any of the planetary bodies,) if we consider them with r^ard 
to distance frvm the Sun ; and yet the discs of these small 
Asteroids, which scarcely admit of measurement, have an areol 
surface not much more than half that of France, Madagascar, 
or Borneo. However striking may be the extremely small 
(lensity of all the colossal planets, which are furthegt removed 
from llic Sun, wc are yet unable in this respect to recognise any 
regular succession.* Urnnua appears to be denser than Sat 
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even if we adopt the Bmaller mass, al^g ^ MBumed by LanMXit; 
and notwithstanding the inconsiderable difference of density 
observed in the innermost planetarj group,* we find both 
Venus and Mars less dense tbui the Eartii, wldch lies between 
them. The time ofrotation certainly diminishes with increasing 
solar distance, but yet it is greater in Mars than in the Earth« 
and in Saturn than in Jupiter. The elliptie orbits of Jnno, 
Pallas, and Mercury, have the greatest degree of eccentricity, 
and Mars and Venus, which immediately follow each oüier, 
have the least. Mercury and Venus exhibit Üie same oon- 
trasts that may be observed in the four smaller pianets, or 
asteroids, whose paths are so closely interwoven. 

The eocentricities of Juno and Pallas are very nearly iden- 
tical, and are each three times as great as those of Ceres and 
Vesta. The same may be said of the inclination of the orbits 
of the planets towards the plane of projection of the ediptic, 
or in the position of their axes of rotation with rdation to 
their orbits, a position on which the relations of climate, 
seasons of the year, and length of the days depend more than 
on eccentricity. Those planets that have the most elongated 
elliptic orbits, as Jimo, Pallas, and Mercury, have also, 
although not to the same degree, their orhits most strongly 
inclined towards the ecliptic. Pallas has a comet-like indi- 
nation nearly twenty-six times greater than that of Jupiter, 
whilst in the little planet Vesta, which is so near Pallas, the 
angle of inclination scarcely by six times exceeds that of Juj^ter. 
An equally irregular succession is observed in the position of 
the axes of the few planets (four or five) whose planes of 
rotation we know with any degree of certainty. It would ap- 
piear frbm the position of liie satellites of Uranus, two of whidi, 
the second and fourth, have been recently observed with cer- 
tainty, that the axis of this, the outermost of all the planets, is 
scarcely inclined as much as 1 1° towards the jdane of its orbit, 
while Saturn is placed between this planet, whose axis almost 

as the densest of all the heavenly bodies; in the Epitome Agtron. Co- 
pern, in vii. lihros digesta, 1618-1622, p. 420. Leibnitz also inclined 
to the opinions of Kepler and Otto von Guericke, that the planets in- 
crease in volume in proportion to their increase of distance from the Sun. 
See his letter to the Magdeburg Burgomaster (Mayence, 1671), la 
Leibnitz, Deutschen Schrißen, herausg. von Ouhraver, th. L § 1^64. 

* On the airangement of maeses, see Encke^ in Sohmn. As(r, Nwkr. 
1848, Nr. 488, g 114. 
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cnmcidca witii the plane of its orbit, and Jupiter, whose axis 
of rotation is nearly perpendicular to it. 

In this enumeration of the forms wliich compose lie world 
in space, we have delineated them as possessing an actual es- 
ist^ice, and not as ohjects of inteUectual contemplation, or as 
mere links of a mental and causal chain of connexion. The 
planetary System in its relations of absolute fize, and relative 
position of the ases, density, lime of rotation, and different 
degrees of eoccMtricity of the orbits, does not appear to oSfer 
to our apprehension any stronger eyidenee of a natural neces- 
sity than the proportion observed in the distribution of land 
and water on the Earth, the configuration of oontinents. or 
the height of mountain chains. In these respects we can dis- 
cover no common law in the regions of space or in the ine- 
qualities of the earth's crust. They are facts in nature, that 
have arisen from the conflict of manifold forces setiiig under 
unknown conditions; although man considers as accidental 
whatever he is unable to esplain in the planetary formation on 
pnrely genetic principles. If the planets have been formed 
out of separate rings of vaporous matt« revoI\Tng round the 
Sun, we may conjecture that the different thickness, unequal 
density, temperature, and electio-magnetic tension of these 
lings may have given occasion to the most various agglomera- 
tions of matter, in the same manner as the amount of tangential 
Telocity and small variations in its direction have produced 
BO great a difference in the forms and inchnations of tho 
elliptic orbits. Attractions of mass and laws of gravitation 
have no doubt exercised an inäuence here, no less than in the 
gee^oBtic relations of the elevations of continents ; but wc 
are nuahic from present forms to draw any conclusions regard- 
ing tiie aeries of conditions through which they have passed. 
Even (he so-called law of the distances of the planets &om tho 
Sun, the law of progression, (which led Kepler to conjec- 
ture the existence of a planet supplyiiig the link that was 
wanting in the chain of connexion betwem.Mars andJupit^) 
fans been foxmd numerically inexact for the distances between 
Mercury, Venus, and the Earth, and at variance with the eon- 
ception of a series owing to the necessity for a ijupposition in 
the case of the first member. 

He hitherto discovered principal p,anetB that revolve round 
our SuD, are attended certainly by fourteen, and probably 
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by eighteen secondary planets (moons or satellites). The 
principal planets are therefore themselves the central bodies 
of subordinate systems. We seem to recognise in the &bne 
of the imiverse the same process of arrangement so frequently 
exhibited in the development of organic Ufe, where we find in 
the manifold combinations of groups of plants or animals, the 
same typical form repeated in the tubordinate classes. The 
secondary planets or satellites are more fr^uent in the ex- 
ternal region of the planetary system, lying beyond the inter- 
secting orbits of the smaller planets or asteroidis ; in the inner 
region none of the planets are attended by satellites, with the 
exception of the Earth, whose moon is relatively of great 
magnitude, since its diameter is equal to a fourth of that of 
the Earth; whilst the diameter of the largest of all known 
secondary planets — ^the sixth satellite of Saturn — ^is probably 
about one-seventeenth, and the largest of Jupiter's moons, 
the third, only about one twenty-sixüi part that of the primary 
planet or central body. The planets which are attended by 
the largest number of satellites are most remote from the 
Sun, and are at the same time the largest, most compressed 
at the poles, and the least dense. According to the most 
recent measurements of Madler, Uranus has a greater plane- 
tary compression than any other of the planets, viz. 7.-77. In 
our Earth and her moon, whose mean distance from one 
another amounts to 207,200 nnles, we find that the differences 
of mass* and diameter between the two are much less con- 
siderable than are usually observed to exist between the 
principal planets and their attendant satellites, or between 
bodies of different orders in the solar system. Whilst the 
. density of the Moon is five-ninths less than that of the Earth, 
it would appear, if we may suj£ciently depend upon the 
determinations of their magnitudes and masses, Üiat the 

* If, according to Burckhardt's determination, the Moon*8 radius be 
0*2725 and its volume m^p , its density will be 0-6596, or nearly five- 
ninths. Compare also Wilh. Beer und H. Madler, der Mond, § 2, 10, 
and Mädler, Ast., § 157. The material contents of the Moon are, 
according to Hausen, nearly ^ (and according to Madler ^.9) that of 
the Earth; and its mass equal to g,^ that of the Earth. In the largest 
of Jupiter's moons, the third, the relations of volume to the central ^y 
are ^-^ ; and of mass ^jö^. On the polar flattening of Uranus, see 
Schum. Aatron, Nachr,, 1844, Nr. 493, 
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■econd of Jupiter's moons is actually denser tlian that great 
planet itself. Amongst the fourteen sittelliteB, that IwTe been 
investigated with any degree of certainty, the eysteni of the 
seven satellites of Saturn presents an instance of the greatest 
possible contrast, both in absolute magnitude, and in distance 
from the central body. The siith of these satellites is probably 
not much smaller than Mars, whilst our moon has a diameter 
which does not amount to more than half that of the latter 
planet. With respect to volume, the two outer, the aisth 
and seventh of Saturn's satellites, approach the nearest to the 
third and brightest of Jupiter's moons. The two innermost 
of these satellites belong porhaps, together with the remote 
moons of Unmus, to the smallest coamical bodies of our solar 
System, being only made visible under lavourable circum- 
stances by the most powerful instruments. They were first 
discovered by the forty-foot telescope of William Herschel 
in 1789, and were seen again liy John Herschel at the Cape 
of Good Hope, by Vico at Kome, and by Lamont at Munich. 
Determinations of the true diameter of satellites, made by the 
measurement of the apparent size of their small discs, arc sub- 
jected to many optical difficulties ; but numerical astronomy, 
whose task it is to predetermine ly calculation the motions, 
of the heavenly bodies as they will appear when viewed from, 
the Earth, is directed almost exclusively to motion and mass, 
and but little to volume. The absolute distance of a satellite 
from its central body is greatest in the case of the outermost 
or seventh satellite of Saturn, its distance from the body 
round which it revolves amounting to more than two millions- 
of miles, or ten times as great a distance as that of our moon. 
from the Earth. In the case of Jupiter we find that the 
outermost or fourth attendant moon is only 1,040.000 miles 
from that planet, whilst the distance between Uranus and its. 
lixth satellite (if the latter really exist) amounts to as much. 
08 1.360,000 miles. If we cumpai'e, in each of these subordi- 
nate systems, the volume of the main phuict with tlie distanct^ 
of the orbit of its most remote satellite, we discover the exis- 
tence of entirely new Dumeiical relations. The distances of 
the outermost satellites of Uridus, Saturn and Jujiiter are, 
when expressed in scnii-diameters of tJie main ijlancts, as. 
91, 64, and 27. 'I'he outenuost satellite of Satuni appears, 
lhenfi>re, to be removed only about one-fifteenth further frrgo». 
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the centre of that planet than our moon is frcpm the EartiL 
Hie first or innermost of Saturn's satellites is nearer to its 
central body than any other of the secondary planets, and pre- 
sents moreorer the only instanee of a period of reyoliitioii of 
less than twenty-four hours. Its distance from the centre of 
Satnm may, according to Madler and WUhdm Beer, be ex- 
pressed as 2*47 semi-diameters of that planet, or as 80,08S 
miles. Its distance from the snr&ce of the main planet is 
therefore 47,480 miles, and from the outermost edge of the 
ring only 4916 miles. Hie traveller may ibrm to himself an 
estimate of the smalhiess of this amount by rememberiBg the 
statement of an enterprising nayigator. Captain Beediey, that 
he had in three years passed oyer 72,800 miles. K inst^id of 
absolute distances we take the semi-diameters of the principal, 
planets, we shall find that even the first or nearest <^ the 
moons of Jupiter (which is 26,000 miles further remoyed 
from the centre of that planet than our moon is from that of 
the Earth) is only six semi-diameters of Jupiter from its centre, 
whilst our moon is remoyed from us fiilly 60J semi-diameters 
of the Earth. 

In the subordinate systems of satellites we find that the 
same laws of grayitation which regulate the reyolutions of 
the principal planets round the Sun, likewise goyem the 
mutual relations existing between these planets among one 
another, and with reference to their atten<&nt satellites. The 
twelye moons of Saturn, Jupiter, and the Earth, all moye like 
the primary planets from west to east, and in elliptic orbits, 
deyiating but little from circles. It is only in the case of our 
moon, and perhaps in that of the first and innermost of the 
satellites of Saturn (0*068) that we discover an eccentricity 
greater than that of Jupiter ; according to the very exact 
observations of Bessel, tiie eccentricity of the sixth of Saturn's 
satellites (0*029) exceeds that of the Earth. On the extremest 
limits of the planetary system, where, at a distance nineteen 
times greater than that of our Earth, the centripetal force of 
the Sun is greatly diminished, the satellites of Uranus (which 
have certainly been but imperfectly investigated) exhibit the 
most striking contrasts from the facts observed with regard to 
otiier secondary planets. Instead, as in all other satellites, of 
having their orbits but slightly inclined towards the ectiptie, 
and (not excepting even Saturn's ring, which may be re gai de d 
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BS a üision of agglomerated satcOites) moving from west to 
east, the satellites of TJtanuH are almost perpendicular to the 
ediptic, and move retrogreasively from east to west, as Sir 
John Herschel has proved by observations continued during 
many yeais. If the primary and secondary planets have been 
formed by the condensation of rotating rings of eolar and 
[Janetary atmospheric vapom', there must have esisted singular 
causes of retardation or impediment in the vaporouB nngs 
revolving round Uranus, by which, under relations with which 
we are unacquainted, the revolution of the second and fourth 
of ka satellites was made to assimie a direction opposite to 
that (rfthe rotation of the central planet. 

It seems highly probable that the period of rotation of all 
secondary planets is equiil to that of their revolution roimd 
the main planet, and therefore that they always present to the 
latter the same side. Inequalities, oecaaioned b^ slight vnri- 
ations in tie revolution, give rise to fiuctuationa of from 
6* to 8", M- to an apparent libration in longitude as well as in 
latitude. Thus, in tiie case of our moon, we sometimes observe 
rawre than the half of its surface, the eastern and northern 
edges being more visible at one time, and the western or 
scrathcm at another. By means of this libration* we are 
enabled to sec the annular mountain Malapert (which occa- 
sionally conceals the Moon's souili pole), the arctic landscape 
round the crater of Gioja, and the lar^ gra.j plane near 
^dymion, which exceeds in superficial extent the Mare 
Vaporum. Three-sevenths of the Moon's surface are entirely 
concealed frwn our observation, and must always remain so, 
unless new and unexpected disturbing causes come into play. 
These cosmieol relationa involuntarily remind ua of nearly 
similar conditions in the intellectual wwld, where, in the 
dotnain of deep research into the mysteries an^ the primeval 
creative forces of nature, there are regions similarly turned 
away from ns, and apparently unattainable, of which only a 
narrow margin has revealed itself, for thousands of yeors, to 
the human mind, appearing, from time to time, either glim- 
mwing in true or delusive light. We have hitherto con- 
sidered the primary planets, their satellites, and the CMwentric 

* Beer uid Miidler, op. cit., S IS^. s. 20S, and g S4T, h. S32 ; and iu 
their Pkj/s. Kmatnis« da- kiBunl Körper. ». * and ÖB, Tab, 1. (Phj- 
lüöl Qj^>7 af Ibe Henenly Bodies.) 
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rings which belong to one at least of the outennost planets, 
as products of tangential force, and as closely connected 
together by mutual attraction ; it, therefore, now only re- 
mains for us to speak of the unnumbered host of comets which 
constitute a portion of the cosmical bodies revolving in inde- 
pendent orbits round the Sun. If we assume an equable 
distribution of their orbits, and the limits of their perihelia, 
or greatest proximities to the Sun, and the possibility of their 
remaining invisible to the inhabitants of the Earth, and base 
our estimates on the rules of the calculus of probabilities, we 
shall obtain as the result an amoimt of myriads perfectly 
astonishing. Kepler, with his usual animation of expression,, 
said, that there were more comets in the r^ons of space than 
fishes in the depths of ocean. As yet, however, there are 
scarcely one hundred and fifhr, whose paths have been calcu- 
lated, u we may assume at six or seven himdred the number 
of comets, whose appearance and passage through known 
constellations have been ascertained bv more or less precise 
observations. Whilst the so-called classical nations of the 
west, the Greeks and Romans, although they may occasionally 
have indicated the position in which a comet first appearedt 
never afford any information regarding its apparent path, the 
copious literature of the Chinese (who observed nature care- 
fully, and recorded with accuracy what they saw) contains 
circumstantial notices of the constellations through which each 
comet was observed to pass. These notices go back to more 
than five hundred years before the Christian era, and many of 
them are still found to be of value in astronomical observa- 
tions.* 

* The first comets of whose orbits we hare any knowledge, and which 
were calcalated from Chinese ob nervations, are those of 240 (under 
Gordian III.), 539 (under Justinian), 665, 568, 574, 887, 1887, and 
1385. See John Russell Hind in Schum. Aatr, Nachr., 1848. No. 498. 
Whilst the comet of 837 (which, according to du Sejour, continued during 
24 huurs within a distance of 2,000,000 miles from the Earth) terrified 
Louis I. of France to that degree, that he busied himself in building 
churches and founding monastic establishments, in the hope of ap- 
peasing the evils threaten cd by its appearance, the Chinese astrono- 
mers made observations on the path of this cosmical body, whose tail 
extended over a space of 60*", appearing sometimes single and some- 
times multiple. The first comet that has been -calculated soLly from 
European observations was that of 1456, known as Bailey's comet, from 
the belief long, but erroneously entertained, that the period iribkea 



Although comets have a smaller mass thaa any other oos- 
mical botlicB — bumj^. aceording to our present knowledge, 
jirobably aot eqiml to xinnr P"''* °^ ^^'^ Earth's mass — yet they 
occupy the largest space, as their tails in several instaacea 
extend over many millions of miles. The cone of luminous 
vapour which radiates from them has been found, in somo 
cases (as in 1680 and 1811), to equul the length of the Earth's 
distance from the Sun. forming a line that intersects both the 
orbits of Venus and Mercury. It is even probable that the 
▼apöur of the tails of comets mingled with our atmosphere iu 
the years 1S19 and 1323. 

Comets exhibit such diversitieB of form, which appear cather 
to appertain to the individual thaji the class, that a description 
of one of these " wandering light- clouds," as they were 
already called by Xenophanea and Theon of Alexandria, 
contemporaries of Pappus, can only he applied with caution 
to another. The lamtest telescopic comets are generally 
devoid of visible tails, and resemble Herachel's nebulous stars. 
They appear like circular nctulie of faintly- glimmering 
i-apouT, with the light concentrated towarda the middle. 
Tins is the most simple type ; but it cannot, however, be 
regarded as rudimentary, since it might equally be the type 
of an older cosmica} body, exhausted by exhalation. In the 
larger comets we may distinguish both the so-called " head " 
or " nucleus," and the single or multiple tail, which is charac- 
teristically denominated by the Chinese astronomers " the 
brush." (sui.) The nucleus generally presents no definite out- 
line, although, in a few rare eases, it appears like a star of the 
£rEt or second magnitude, and has even been seen in bright 
sunshine;* as, for instance, in the large comets of 1402, 1532, 
1577, 1744, and 1843. I'his latter circumstance indicates, i 
particular indiriduals, a denser mass, capable of reflecting 
light with greater intensity. Even in Hersehel's large ti ' 

it TfM first observed hy Ihat aatronomer was it« firat sad onlj well 
attesUd apiieu-snoe, See Arago, in the Annuairf, 18S6, p. 204, sad 
Laugicr, Cornplen rendiu des li'laneea de I'Acad., 1813, t svi. 1006. 

' Araga, Anauaire, 1832, pp. 209, 211. The phenomeaon of the Uit 
of B comit being visible in bright aiinshiDe, which ia rctorded of the 
cornel at 1403, occurred again in the coae of the large comet of 184S, 
trhOBC nucieul and till were seen Ln North America, on the 28th 
ol Februu? (ucording to the teitimon; of J, Q. Chtrke, of Portiand, 
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icope only two (xmiets, that diaooycred in l^cily, in 1807, and 
the splendid one of 1811, exhibited weU-defin^ discs ;* Ihe 
one at an angle of 1", and the other at (y*77, whence the trae 
diameters arp assumed to be 586 and 428 miles. The dia- 
meters of the less well defined nndei of -the comets of 1798 
and 1805 did not appear to exceed 24 or 28 miles. 

In seyeral comets that hare heen investigated with great 
care, especially in the above-named one of 1811, which con- 
tinued visible for so long a period, the nudeus and its nebulous 
envelope ware (mtirely separated from the tail by a darker 
space. The intensity of light in the nucleus of comets does 
not augment towards the centre in any uniform degree; 
brightly shining nmes beii^ in many cases separata by 
concentric nebulous envelopes. The tails sometimes appear 
single, sometimes, although more rarely, double ; and in the 
comets of 1807 and 1843 the branches w e re of difierent 
lengths ; in one instance (1744) the tail had six brandies, the 
whole forming an angle of 60 . The tails have been some- 
times straight, sometimes curved, either towards both sides, 
or towards the side appearing to us as the exterior (as in 
1811), or convex towards the directicm in whidi the comet is 
moving (as in that of 1618) ; and sometimes the tail has even 
appeared like a flame in motion. The tails are always turned 
away from the sun, so that their line of prolongation passes 
through its centre ; a &ct which, according to Edward Biot, 
was noticed by the Chinese astronomers as earfy as 837, but 
was first generally made known in Europe by Fracastoro and 
Peter Apian, in the sixteenth century. Tliese emanations may 
be regarded as conoidal envelopes of greater or less thickness, 

State of Maine), between 1 and 8 o'clock in the afternoon.* l^e distance 
of the very dense nucleus £rom Üie sun's light admitted of being 
measured with much exactness. The nucleus «nd tall appearod like a 
very pure white cloud, a darker space intervening between the tail and 
the nucleus. (Ämer. Joum. of Science, vol. xlv. No. 1., p. 229.) 

• [The translator was at New Bedford, Maesachuaetta, U. S., on the 28ih 
Februii-y, 1843, and distinctly saw the oomet, between 1 and 2 in the 
aftemo n. The sky at the time was intensely blue, and the son ahiiiiiig 
with a dazding brightness unknown in Sur(^|>ean cliaates.] — Tr, 

* Phil. Trans, for 1808, Part II. p. 155, and for 1812, Part I. p. 118. 
The diameters found by Herschel for the nuclei were 538 and 428 
English miles. For the magnitudes of the comfits of 1798 and 180 j^ 
see Arugo, Annuaire, 1832, p. 203. 
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and ooandered in this nmnacr, they Aimish a 
n&tion of many of the remarkable optical phent 
epoken of. 

Comets are not «aily characterietically different in fonn, 
some being entirely w^out a vifiit^ tail, whilst others have a 
tiiÜ of immense length (as in the instance of the comet of 
1618, whose tail measured 104°), but we also see the same 
comets undergoing succeasiye and rapidly changing processes 
of configuration. These variations of form have bt^n most 
accurately and adiuirably described in. the comet of 1744, by 
UensiuB, at St. Petersbm^h, and in HaJley's comet, on its 
last reappearance in ISSS, by Bessel, at Komgsbei^. A more 
or less weU-defined tuft of rays emanated from that part of 
the nucleua which was turned towards the Sun ; and the rays 
beiag bent backwards, formed a, part of the tail. The nucleus 
of Halley's comet, with its emanations, presented the appear- 
ance of a burnii^ rocket, the end of which was turned side- 
waye by the ibrce of the wind. The rays issuing from the 
head were seen by Arago and myself, at the Observatory at 
Paris, to assume very afferent forms oa sueceBsive nights.* 
He great Königsberg astronomer concluded from many 
measurements, and from theoretical considerations, " that the 
cone of hght issuing firom the comet deviated considerably 
both to Üie ri^t and the left of the true direction of the Sun, 
but that it always retnmed to that direction, and passed ov«r 
to the opposite side, so that both the cone of light and the 
body of tie comet from whence it emanated, esperienced a 
rotatory, or rather a ribratory motion, in tiie plane of the 
orbit." He finds that '■ tlie attractive force exercised by the 
San on heavy bodies, is inadequate to explain such vibra- 
tioDB. and is of opinion that they indicate a polar force, which 
turns one aemi-diameter of the comet towards the Sun, and 
strives to torn the opposite side away from that luminary. 
TTie magnetic polarity poawssed by the Earth, may present 
some analogy to this ; and. should the Sun have an oppo^te 
polarity, an infi-ucnee might bi^ Tnamicsted, resulting in the 
jH<ecession of the equinoxes." This is not the place to enter 

* Arago, Del dumg^nnFtiü phyaiiurA de la Cemäle de Halltn du 
16-23 Oct.. 1835. Asmvairt. 183«, pp. 218, 221. The ortoMwy 
dinotioa of the emuatioBB wia notroed erea m ifern's time. ■■ " - - 
radioa (oJtn fJngiv-iU." Sonca, Nai. QuteaC., vii. SO. 
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^more full j upon the grounds on ^which explanations of this 
«abject have been based; but observationB so remarkable,^ 
and views of so exalted a character, r^arding the most won- 
•derful class of the cosmical bodies belonging to our solar system, 
ought not to be entirely passed over in this sketch of a general 
-picture of nature. 

Although as a rule the tails of comets increase in magnitude 
-and brilliancy in the vicinity of the sun, and are directed 
^way from that central body, yet the comet of 1823 offered the 
Temarkable example of two tails, one of which was turned 
"towards the sun, and the other away from it, forming with 
each other an angle of 160^. Modifications of polarity and 
the imequal manner of its distribution, and of the direction 
in which it is conducted, may in this rare instance have 
occasioned a double, unchecked, continuous emanation of 
iMbulous matter.f 

Aristotle, in his Natural Phüo8opky^ makes these emana- 
tions the means of bringing the phenomena of comets into a 
lingular connection wit£ £e existence of the Milky Way, 
According to his views, the innimierable quantity of stars 
-which compose this starry zone give out a self-luminous, in- 
candescent matter. The nebulous belt which separates the 
«different portions of the vault of heaven, was, therefore, 
regarded by the Stagirite as a large comet, the substance of 
-which was incessantly being renewed.^ 

* Bessel, in Schumacher, Äst, Nachr., 1886, Nr. 800-802, 8. 188, 
192,197, 200, 202, und 230. Also in Schumacher, Jahrb., 1887, 8. 149, 
168. William Herschel, in his observations on the beautiful comet of 
1811, believed that he had discovered evidences of the rotation of the 
nucleus and tail (PhU. Trans, for 1812, Part I., p. 140). Dunlop, at 
Paramatta, thought the same with reference to the third comet of 1825. 

t Bessel, in Äst. Nachr., 1836, No. 802, s. 231. Schum., Jahrb. 
1837, s. 175. See also Lehmann, Ueber Cameienschweife (On the Tails 
of Comets), in Bode, Ästron. Jahrb. fllr 1826, s. 168. 

X Aristot. Meteor., i 8, 11-14, und 19-21 (ed. Ideler, t L, pp. 82-84). 
Biese, Phil, des Aristoteles, bd. ii. s. 86. Since Aristotle exercised so 
:great an influence throughout the whole of the middle ages, it is very 
much to be regretted that he was so averse to those grander views of 
the elder Pythf^reans, which inculcated ideas so nearly approximating 
to truth, respecting the structure of the universe. He asserts that 
comets are transitory meteors belonging to our atmosphere, in the rerj 
^book in which he cites the opinion of the Pythagorean school, acoordmg 
to which these oosmical bodies are supposed to be planets, haiing long 



The occultation of the fixed stars by the nucleus of a comet, 
or by its innermost vaporons envelopes, might throw some 
light on the physical character of these wonderful bodies ; but 
■we are unfortunately deficient in observations by which we 
may be assured * that the occultation was perfectly central ; 
for, as it has already been observed, the ports of the envelope 
contiguous to the nucleus are alternately composed of layers 
of dense or very attenuated vapour. On the other hand, the 
careftdly conducted measurement« of Bessel prove, beyond all 
doubt, that on the 29th of September, 1835, the light of a 
star of the tenth magnitude, which was then at a distance of 
7"-78 from the central point of the head of Halley's comet, 
passed thi'ough very dense nebulous matter, without esperi- 

porioJ9 0froi'olutioii.{Aristot., I. fl,2.) This Pjliagoreaa doctrine, which, 
BceDrding to the teBtimony of Apollaniua Myndlus, was still more 
ancient, having originated with the Chsldeana, pasäed over to the 
fioouuiB, who in this inBlance, as was their osual practice, vcre merely 
the copieiB of others. The Myndiui philosopber deei'iibes the path of 
comets as directed toirards the upper mi remoU regions of heaven. 
Hence Seiiecamy?,inhiByat Qweat, vii 17: "ChmeUsnmtutapeeie* 
folia,. Bed proprium sidv» gicut eolü- et luna ; aliiora miiadi eecat et 
tune denfum apparet quum in iiraiTn curtum mii venit ; " and again, 
(at TÜ. 27,) " ComeCee atavoi eate et tortii ^vadern, aaua isxetera 
fiideraj. eliamti faeiem illis nan habtnl timiUm" Plin; (il 26) 
aüa refers to ApoUomos Mjndius, when he says ; " Siail qui el hcee 
aidera perpetua ease eredaM muiQug ambitu ire, eed non uiei relicta a 
Kle «mi." 

•Olliera, in.iBi.jra^r., IS28, B.157, 184. A.T3,go,DelaConiiiiitairm 
p!i]/nque dea CoBtitee ; Annuairede 1332, p. 203, 208. The ancients 
were struck by the phenomenon that 11 was possible to eee through 
comets ns through & flame. The earliest evidence to be met with of 
staiH having Leen seen through comets, is that of Democritua, (Aristot, 
Meteor., i. ti, 11,) and the statement leads Aristotle to make the not 
luiimpoTt4mt remark, that he himself had obaerved the occultation of 
one of the et&n of Gemini by Jupiter. Seneca only speaks decidedly 
of the transparence of the tail of comets, " We may see," says he, 
" stare through a comet as through a cloud (Nat. Quaat., vii. 18) ; but 
we c*n only see through the rays of the tail, and not through the body 
of the comet itself: non in ea parte qua lidua iptutn cat spiaai et 
m>tidi ignii, eed gua ram» splendor occurrit et in mnes dispergitar. 
Per iatemalla igniv-m, mm peripsoa, vides." (vii. 26.) The last remark 
is mmecesBSry, since, as Galileo observed in the Saggialore (Leitera a 
Momignor Cetarini, 1619), wo can csrtwnly see through a Qome when 
it is not of too great a thidineaa. 
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eneing any deflectioii dwriBg its passage.* If suck aa absence 
of refiucting power must be ascribed to the nndeosc^ a ocanet, 
'we can scarcely regard Üie matter coinpnwng oomiets aa a 
gaseous fluid. The questian here arises, wfaetber this abaesee 
of re£ractmff power may m>t be owing to the extreme teanoty 
oi the fluid r or does the comet consist of separated particles, 
constituting a cosmical stratum of douds, whk^ like tise 
clouds of our atmosphere, that exercise no influence od t]K 
aenith distance of the stars, does not afl^ct the ray of l^t 
passing through it ? In the passage of a comet OTcr a star, a 
more or less considerable diminution of light has c^ten. been 
observed : but this has been justly ascribed to tiie brightness 
■ of the ground from which the star seems to stand Sortihi during 
the passage of the comet. 

The most important and decisive observations that we 
possess on the nature and the light of oomets, are due to 
Arago's polarization experiments. His polariseope instmets 
US regarding the phystod constitation of the Sun acnd eomete, 
indicating wbetiber a ray that reaches us from a distance of 
many millions of miles, transmits light directly, or by reflec- 
tion; and if the former, whether the source of light is a 
solid, a liquid, or a gaseous body. His apparatus was used 
at the Paris Observatory, in examining tlbe light of GapeUa, 
and that of the < great comet of 1819. The latter showed 
polarized, and therefore reflected light, whilst the fixed etau, 
as was to be expected, appeared to be a self-limünons sun.t 

♦ Bessel, in the Aatron. Ndchr.y 18S«, No. 801, 8. 204, 20«. Struve, 
in Recueü des M4m. de VAcad. de St. Peterab., 183S, p. 140, 148, sad 
Asir. NacJir., 1836, No. 803, s. 238, writes as f^ows : " At Dorpat the 
star was in conjunction only 2 "'2 from the brightest point of the oomet. 
The star remained oontinaally vinble, and its ligbt was not pereeptifoly 
diminished whilst the nDclens of the eomet seemed to be almost ex- 
tingnished before the radiaaee of the small star ef the math or te&tii 
jBagnitnde." 

t On the 8d of Jnly, 1819, Arago made tiw firal a tt e ayi io aBalyse 
the light of comets by polarization, on the evening €f the wofddm. ap- 
pearance of the great comet. I was present at the Paris Observaitsry, 
and was fully convinced, as were also Matthien and the late BcNnraid, 
of the dissimilarity in the intensity of the tight seen in the pelariiSDefe, 
when the instrument received eometary Ught. When it reeeired ^^t 
from Capella, which was near the eetnet, atid at «n equal altit ud e, the 
images frere of equal intennty. . On the reappearaneeelf HaBeylseoaiet, 
in 1835, the instrument was altered, so ts to gire, aeoordiBg t« Azag«/s 
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The esistence of polarized cometary Kght annotmced ifaelf not 
only by the inequality of the imagea, but was proved with 
greater certainty on the reappearance of Halley's comet, in 
the year 1835, by the more strikinj; contrast of the eompie- 
mentary colours, deduced from the laws of chromatic polai' 
illation discovered by Arago in 1811. These beaatifol ex- 
periments still leave it undecided, whether, in addition to 
this reäected solar light, comets may not have light of their 
own. £ven in the caae of the planets, as, for instance, in 
Venus, an evolution of independent light seems very probable. 
The variable intensity of light in comets cannot always be 
esplaincd by the position of their orbits, and their distance 
franx the Sun. It would seem to indicate, in some individuals, 
the existence of an inherent process of condensation, and an 
increased or diminished capacity of reflecting boiTOwed light. 
In the comet of 1618, and in that which has a period of three 
years, it was observed first by Herelius, that the nncleus of 
the comet diminished at its perihelion, and enlarged at its 
aphelion, a fact which, after remaining long nnheeded, was 
again noticGd by the talented astronomer, VbIe, at Nismes. 
The regularity of the change of vrfumo, according to the 
di&rent degrees of distance from the Smi, appears very 
striking. Ilie physical explanation of the phenomenon can- 
not, however, be sought in the condensed layers of cosmicttl 
■vapour occxirring in the vidnity of the Sun, since it is difficult 
to imagine the nebulous envelope of the nucleus of the comet 
to be vesicular and impervious to the ether.* 

The dissimilar eccentricity of the orbits of comets has, in 
recent times (1819), in the most brilliant manner enriched 
onr knowledge of the solar system. Encke has discovered 
the existence of a comet of so short a period of revolution, 

chromatic polarization, two images of auaplemenlaiy colours (green 
and red). (Anitaleade Cldmie, t.xiit. p. 108 ; Annuaire, 1832, p. 216.) 
"We must condndo from tbeao abaerva liana," says Arago, "Uiat the 
«omotnrj light irasnot entirely com posed of raj« having the properties 
of direct light ; them being light wliic^h nas reflected Bpemlartf or pdbir- 
Ized, that is, coming from the sun. It cannot be «fated wiä abeolnta 
eeitaintj. that eomcls shine only with borrowed light, for bodies, m 
beconting self-lu miaous, do not on that account lose the power fd 
reflecting foreign light." 

• An^, in the Annuairt, 1832. pp. aiT-220. Sir John Heisdiel, 
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that it remains entirelj within the limits of our planetary 
system, attaining its aphelion between the orbits of the 
smaller planets and that of Jupiter. Its eccentricity mnst 
be assumed at 0*845, that of Juno (which has the greatest 
eccentricity of any of the planets) being 0*255. Buckets 
comet has several times, although with cBfiiculty, been ob- 
served by the naked eye, as in Europe in 1819, and, according 
to Rümker, in New Holland in 1822. Its period of revolu- 
tion is about 3^ years ; but, from a careful comparison of the 
epochs of its return to its perihelion, the remarkable &ct has 
oeen discovered, that these periods have diminished in the 
most regular manner between the years 1786 and 1838, the 
diminution amounting in the course of 52 years to about 
1-^ days, llie attempt to bring into unison the results of 
observation and calciüation in the investigation of all the 
planetary disturbances, with the view of explaining this phe- 
nomenon, has led to the adoption of the very probable hy- 
pothesis, that there exists, dispersed in space, a vaporous 
substance capable of acting as a resisting medium. This 
matter diminishes the tangential force, and with it the major 
axis of the comet^s orbit. The value of the constant of the 
resistance appears to be somewhat different before and after 
the perihelion; and this may, perhaps, be ascribed to the 
altered form of the small nebulous star in the vicinity of the 
Sun, and to the action of the imequal density of the strata of 
<cosmical ether.* These facts, and the investigations to which 
they have led, belong to the most interesting results of 
modem astronomy. Encke's comet has been the means of 
leading astronomers to a more exact investigation of Jupiter's 
mass (a most important point with reference to the calcula- 
tion of perturbations) ; and, more recently, the course of 
this comet has obtained for us the first determination, al- 
though only an approximative one, of a smaller mass for 
Mercury. 

The discovery of Encke's comet, which had a period oi 
only 3^ years, was speedily followed, in 1826, by that of 
another, Biela's comet, whose period of revolution is 6f 
years, and which is likewise planetary, having its aphelion 
iieyond the orbit of Jupiter but witlun that of Saturn. It 

*Encke, in the Astronomtat^ Nachrichten, 1848, No. 489, a 180-182 



has a fiiinter light thmi Encke's comet, aLd, like the 
latter, its motion is direct, whilst Halley's comet moves in 
a course opposite to that pursiied by the planets. Uiela's 
comet presenta the first certain example of the orbit of a 
comet intersecting that of the Earth. This position, with 
reference to our planet, may, therefore, be productive of dan- 
ger, if we can associate an ide a of danger with e.o extraor- 
dinary a natural phenomenon, whose history presents no 
parallel, and the results of which we are consequently unable 
correctly to estimate. Small masses endowed with enor- 
mous Telocity may certainly exercise a considerable power; 
but Laplace has shown that the mass of the comet of ITTO is 
probably not equal to y^nrB of that of the Earth, estimating 
further with apparent correctness, the mean mass of comets aa 
much below Yö^^yjjr that of the Earth, orabout-y^JfTf thatof the 
Moon.* We must not confound the passage of Biela's comet 
through the Earth's orbit with its proximi^ to, or collision 
with, our globe. When this passage took place, on the 29tb 
of October, 1 S32, it required a full month before the Earth 
would reach the point of intersectioii of the two orbits. 
These two comets of short periods of revolution, also inter- 
sect each other, and it has been justly ohaerved.t that amid 
the many perturbations experienced by such small bodies 
from the larger planets, there is a possibility — supposing a 
meeting of these comets to occur in October — that the inha- 
bitantB of the Earth may witncHB the e.ttraordinary spectacle 
of an encounter between two ctwrnical bodies, and possibly 
of their reciprocal penetration and amalgamation, or of their 
destruction by means of exhausting emanatiüns. Events of this 
nature, resulting either from deflection occasioned by disturb- 
ing masses, or primevally intersecting orbits, must have been 
of frequent occurrence in the course of millions of years in 



' Laplnce, Eapos. du Syst, du MonJe, pp. 216, 2ST. 

t lÄttiov, BÖdiräbrnde Aetron., 1836,b.274. On the ianer comet 
TSRentl; discovered by M. Faye, at the Obseiratory of Paris, oiid whoae 
ei:cBntricity is 0'651, its dJatanco at tig perihelion 1'690, anditadiaUnca 
at its aphelion fi'832, ece Sdinmacher, Aslnm. Nadir., 1814, No. iSB. 
Bearding the eupposed identity of the eomot of 1768 with the third 
comet of 1S19, see Anlr. Nadir., 1833, No. 239 ; and on the identity 
oT the comet of 174-3 and the fourth comet of 1S10, aei No. 237 ' " 
Ust-mentioaed votk. 
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the iTnineaaimüble regions of ethereal «pace; bat theymiwt be 
regarded as isolated ocdareBoes, ezerciBiDg no more gemanl 
or alterative effects on eoemical relations than the bcealcmg 
forth or extinetiosi of a Yolcano within the limited sphere of 
our £arth. 

A third interior oomei, baring bke'wiae a short period of 
revolution, was discovered by Faye, on the 22nd of Novem- 
ber, 1843, at the Observatory at Paris. Its elliptic path, 
which approadies much more nearly to a circle than that o£ 
any other known comet, is included within the orbits of Mazs 
and Saturn. This comet, therefore, which, aeoordii^ to 
Goldschmidt, passes beyond the orbit of Jupiter, is one of 
Ae few whose peiiheW are beyoDd Ma». It. period of 
revolution is 7-^ years, and it is not miprobable that the 
fonn of its present orbit may be owii^ to its great aj^prozi- 
mation to Jiq>iter at the dose of the year 1839. 

If we consider the comets in their inclosed elliptie odbitB 
as members of our solar system, and with respect to the 
length of their major axes, the amount of their eccentricily, 
and their periods of revohition, ire shall probably £nd that 
the three planetary comets of Encke, Biela, and Faye, are 
most nearfy approached in these respects, first, by the comet 
discovered in 1766 by Messier, and which is regarded by 
Clausen as identical with the third comet of 1819 ; and next, 
by the fourth comet of the last-aaentioaned year, discovered by 
äaupain, but oonaideied by CSausen as identical vrith that of 
the year 1743, and whose orbit appean, like that of Lezell's 
comet, to have suffered great variations from the proadmity 
and attraction of Jupiter. The two last-named comets vrouM 
likewise seem to have a period of re v t^u li on not exceeding 
five or six years, and their aphdia are in the vicinity of 
Jupiter's orbit. Amongst the comets that have a period of 
revolution of firom seventy to seventy-six years, the first in 
point of importance with respect to theoretical and physical 
astronomy is HaHey's comet, whose last s^^earance, in 1835, 
was mudi less briBiant than was to be expected from preced- 
ing ones ; next we would notice Olbers* comet, discovered on 
the 6th of March, 1815; and lastly, the comet discovered by 
Pons in the year 1812, and whose elliptic orbit has be^ 
determined by Encke. The two latter comets were invisible 
to the naked eye. We now know with oertaisty of 
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rrtnms of HaUej's Urge comet, it having recently been 
proTed by Laugier's calculations,* that in the Chinese table 
of comets, first made known to es by Edward Biot, the comet 
of 1378 is identical with Haüej's; its perioda of revolution 
have varied in the interval betvreen 1378 and 1835 from 
74-91 to 77'ä8 years, the mean being 76-1. 

A host of oÜier cwnets may be contrasted with the cos- 
micfll bodies of which we have Fpok«i, requiring several 
thousand years tc perform their orbits, which it is difficult to 
determine with any degree of certainty. The beantiliil comet 
of 1811 requires, according to Argelaudcr, a period of 3065 
years for its revohitioD. and the oolossal one of IGSO as much 
aa 8800 years, according to P^ckc's calculation. These 
bodies respectively recede, therefore, 21 and 44 times further 
than Uranus from the Sun, that is to say, 33.600 and 70.400 
millions of miles. At this enonnona distance tbc attractive 
fnroe of the Sun is still manifested ; but whilst the velocity of 
die comet cf 1680 at its perihelion is 212 miles in a second, 
tliat is, thirteeen times greater dum that of the Earth, it 
aesnx;ly moves ten feet in the accond when at its aphelion. 
This velocity is only three times greater than that of water in 
our moat sloggish European rivers, and eqoal only to half 
that which I have observed in the Cassiquiare, a branch of 
the Orinoco. It is highly probable, that amongst the innu- 
raerablc bost of uncalciilated or andiscovered comets, there 
are mnny whose major axes greatly exceed that of the comet 
of 1680. In order to form some idea by numbers, I do not 
say of the inhere <rf attraction, but of tbe distance in space of 
a fixed stor. or other sun, finm the aphelion of the comet of 
1680 (the furthest receding cosmical body with which we are 
acquainted in our solar system), it must be remembered that, 
according to tbe most recent (fetemünations of parallaitcs, the 
nearest tixed star is full 250 timea Inrther removed from our 
snn than the comet in its aphelion. The comet's distance is 
only 44 times that of UranuB, whilst a Centauri is 11,000, 
and 61 Cygni 31,000 times that of Uranus, according to Be». 
sel'H determinations. 

liaTÜtg considered the greatest distances of comets from 
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the central body, it now remains for us to notice instaaoet 
the greatest proximity hitherto measured. Lexell and 
Burckhardt's comet of 1770, so celebrated on account of the 
disturbances it experienced from Jupiter, has approached 
the Earth within a smaller distance than any other comet. 
On the 28th of June, 1770, its distance from the Earth was 
only six times that of the Moon. The same comet passed 
twice, yiz. in 1769 and 1779, through the system of Jupiter's 
four satellites without producing the slightest notable change 
in the well-known orbits of these bodies. The great comet 
of 1680 approached at its perihelion eight or nine times 
nearer to the sur£EU» of the Sun than Lexell's comet did to 
that of our Earth; being on the 17th of December, a sixth 
part of the Sun's diameter, or seyen-tenths of the distance 
of the Moon, from that luminary. Perihelia occurrii^ beyond 
the orbit of Mars can seldom be observed by the inhabitants 
of the Earth, owing to the faintness of the light of distant 
comets; and amongst those already calculated, the comet of 
1729 is the only one which has its perihelion between the 
orbits of Pallas and Jupiter; it was even observed beyond 
the latter. 

Since scientific knowledge, although frequently blended 
with vague and superficial views, has been more extensively 
di&sed through wider circles of social life, apprehensions of 
the possible evils threatened by comets have acquired more 
weight, as their direction has become more definite. The 
certainty that there are within the known planetary orbits, 
comets which revisit our regions of space at short intervals — 
that great disturbances have been produced by Jupiter and 
Saturn in their orbits, by which such as were apparently 
harmless have been converted into dangerous bodies — ^the 
intersection of the Earth's orbit by Biela's comet— -the cos- 
mical vapour, which acting as a resisting and impeding 
medium, tends to contract all orbits — ^the individual difference 
of comets, which would seem to indicate considerable decreas- 
ing gradations in the quantity of the mass of the nucleus — are 
all considerations more than equivalent both as to number 
and variety, to the vague fears entertained in early ages, of 
the general conflagration of the world by flaming swords^ and 
stars yriihflsry streaming hair. As the consolatory considera- 
tions whidi may be derived from the calculus of probabilities. 
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address themselves to reason and to meditative understanding 
only, and not to the imoginntion or to a desponding eonditioii 
of mind, modem science has been accused, and not entirely 
■without reason, of not attempting to allay apprehensions which 
it hae been the very means of exciting. It is an inherent 
attribute of the human mind to experience fear, and not hope 
or joy, at the aspect of that which is unexpected and estraor- 
dinary,* The strange form of a large comet, its faint nebulooa 
l^ht, and its sudden appearance in the vault of heaven, have 
in all regions been almost invariably regarded by the people 
at large as some new and formidable agent, inimical to the 
esisring state of things. The sudden occurrence and short 
dniation of the phenomenon lead to the belief of some equally 
rapid reflection of ita agency in terrestrial matters ; whose 
varied nature renders it easy to find events that may be re- 
garded as the fidfilment of the evil foretold by the appearance 
of these mystorions cosmical bodies. In our own day, how- 
ever, the public mind has taken another and more clieeriul, 
although singular turn, with regard to comets ; and in the 
German vineyards in the beautiful valleys of the Rhine and 
Moselle, a belief has arisen, ascribing to these once ill-omened 
bodies, a beneficial influence on the ripening of the \iae. Ihe 
evidence yielded by experience, of which there is no lack in 
these days, when comets may so frequently be observed, ha» 
not been able to shake the common belief in the meteorological 
myth of the existence of wandering stars, capable of radiating 
heat. 

From comets, I would pass to the consideration of a for 
more enigmatical class of agglomerated matter — Üic smallest 
of all asteroids, to which we apply the name aerolites, or 
melean'e elones.\ when they reach our atmosphere in a ling- 
mentaiy condition. If I should seem to dwell on the specific 

• Fries, Vorlegungen über die Sta^il-uade, 1833, a. 262-2B7 (Let- 
tnres on tjle Science of Aatronoiuj.) An infellcitously ehoaon inslauM 
of the good omen of a comet nmy be fonnd in Seneca, Nai, Qmetl., rii. 
IT and 21. Tho philosoplier thus writes of Che comet: " Qvem run Jf»: 
rouis principatu latieeimo mdimva el giiicomelia delraxit in/amitmL." 

f [Mach valuable information may be obtained regarding the origin 
■nd compowtion of aerolites or meteoric Btoncs in Memoirs on the rob- 
jert, by Baumbeer and other wrifcra, in the numbera of Toggandtrfi 
'm, bom ia4G to the preaenC time.}— fr. 
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«Bumeration of these bodies, and of comets, tonger than ^bm 
general nature of thi» work might warrant, I have not doat 
00 undesignedly. The diyendty existing in the individual 
diaractenstics of comets has already been noticed. The imr 
perfect knowledge we possess of their j^ysical eharadefv 
venders it difficult in a work like the present, to give tha 
proper degree of circumstantiality to the phenomena, which, 
although of frequent recurrence, have be^i observed with such 
various degrees of accuracy, or to separate the necessary from 
the accidental. It is only with respect to measurements and 
, oamputations that the astronomy of c<«iets has made any 
narked advancement, and consequently a scientific ocmsideza- 
tion of these bodies must be limited to a specification of the 
differences of physiognomy and conformation in the nucLeos 
and tail, the instances of great approximation to other 000- 
mical bodies, and of the extremes in the length of their cat' 
hits and in their periods of revolution. Afidthfiil delineati<m 
•f these phenomena, as well as of those which we proceed to 
consider, can only be given by sketching individual features 
with the animated circimistantiality of reality. 

Shooting stars, fire baUs, and meteoric stones are, with 
great probability, regarded as small bodies moving with planet* 
ary velocity, and revolving in obedience to the laws of g&a&nl 
gravity in conic sections round the Simu When these masses 
meet the Earth in their course, and are attracted by it, they 
enter within the Hmits of our atmosphere in a luminous 
condition, and frequently let fall more or less strongly heated 
•ony fragments, covered with a shining black crust. When 
we enter into a careful investigation of the facts observed at 
those epochs when showers of shooting stars fell periodically 
in Cumana in 1799, and in North America during the years 
1833 and 1834, we shall find that ßre balls cannot be con« 
sidered separately from shooting stars. Both these phenomena 
are frequently not only simultaneous and blended together, but 
they likewise are often found to merge into one another, the 
one phenomenon gradually assuming the charact» of the other 
alike with respect to the size of their discs, the emanation of 
sparks, and the velocities of their motion. Although explod- 
ing smoking luminous fire balls are sometimes seen even in the 
hcightness of tropical daylight,* equalling in size the apparcDt 

* A friend of mine, much accustomed to exact trigonometrical mea* 
mmmentß, waa in the year 1788 at Popayon., a city which is 2*" 26^ N. h. 
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diameter of the Moon, innumerabte quantitiea of shooting 
atara have, on the other hand, bccu observed to iUll in foima 
of euch extremely small dimensions, thiit they appear only ae 
moving; points, ot phosphorescent lines.* 

It BtUl reiniüiis undetermined whether the toony luminous 
bodies thnt shoot across the sky may not vary ia tlieir nature. 
On my return from the equinoctial zones, I «us impressed 
wiüi an idea that in the torrid regions of the tropics 1 hau 
more frequently than in our colder latitudes seen shooting 

lying at an elevatioQ of 5583 feet bIjovb the lefelof theBea.andatnoon, 
when the hud »as ahiuing brightly in a cloadleaa sk;. am his room 
Ugfatcil up by B fire ball. He had hie bach to the «iudow at the time, 
aod OD turning roond, pcrceired tbat grtat port of the path traveTsed bj 
tile fire boll wa« Etill illuminated by the brightest radiance. Different 
nations hare bad the most rarioua terms to eipreis these phenomena, 
the Germans use the Kord Stemnclinv-ppe, literally star amf—aa. 
eiprcBsion well suited to the physical views of the vulgar in former 
times, according to which, the lights in the finoamont were said to 
undergo a process tiftnvßiig or cleaning,— and other nations genorally 
adopt a term erpreaive of a shot or /all of Btars, as the Swedish «i}ert\}- 
/iü(— -the lUlianvte/fa cacfenfc,aad the English «fur-gAooC. !□ the woody 
district of the Orinoco, on the dreary lianks of the Cassiquiare, 1 licard 
tba natives in the Mission of Vasiva use terms sllll more iaelegant than 
die Oennso star snuff. (Relation HUtoriqite du Voy. axm lUgion» 
tfv,i7UKe„ t. ii. p. S13). These same tribes term the pearly drops of 
4«ir which cover (ho beautiful leaves of the bellcoaia, ttar-npit. In tba 
Uthuanian mythology the iniaginaiion of the people has embodied ila 
idm of the nature and sisnificition of fulling atan nnder nobler and 
mare graceful symliols. The Tarete, Werjieja. weave in heaven for 
tile new-born child its thread of fal.c, attacliing each sepaiBte thread ta 
a star. W bco deatb approaches the person, the thread is rent, and the 
star wanes and sinka to the earth. Jacob Qrimm, Dealache Mj/iliologie, 
1S43, B. 686. 

* According to the testimony of Professor Denison Olmsted, of Tale 
College, New Haven, ConDeclicnl. (See ro^end..,liina[«i der Phyaüc, 
bd. jczx. 8. IS-I.) Kepler, wbo excluded fire halls and shooting elan 
tiom the donuun of astronotny. because they were, according to hil 
views, " meteors arising from the cxhnlatlona of (he earth, and blendin« 
with the higher other," cipresscs himself, however, generally with mu^ 
eautioD. Heanja: " Stelhe eadenies m.nt maUirla trääda inflianmata. 
Barvm aiypue inter cadendum abaumunlvr, aliqaa veri ia ti^rrcan 
eadunf, pondert euo Irocdc. 2fec eat disiimilf vera, ^piaadam ctinglo- 
betas erne re viateria faaiiaOA, in ijmam avram atkeream iritiiiäila : 
og^ue aeiherui regione, traetu reriilinro, per aerem traßc-nr, cat 
minuioa eometas, oeeulM eavaa matim virommipie.'' Kepler, £pit, 
^«kVtt, Ctuiemieaaa:, t. L p. 80. 
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stars &11 as if from a height of twelve or fifteen thousand feet^ 
that they were of brighter colours and left a more brilliant: 
line of light in their track, but this impression was no doubt 
owing to the greater transparency of the tropical atmo* 
sphere,* which enables the eye to penetrate further into dis- 

* BdaUonffistorique, 1 1 pp. 80, 213, 527. If in fiilling stara, as in 
comets, we distingaish between the head or nucleus and the toil, we shall 
find that the greater transparency of the atmosphere in tropical climate» 
is evinced in Üie greater length and brilliancy of the tail which may be 
observed in those latitudes. The phenomenon is therefore not necessarily 
more frequent there, because it is oftener seen and continues longer 
visible. The influence exerdsed on shooting stars by the character of 
the atmosphere is shewn occasionally even in our temperate zone, and at 
very small distances apart. Wartmannrelates that on the occasion of a 
Kovember phenomenon at two places lying veiy near each other, Qeneva 
and Auz Planchettes, the number of the meteors counted were as 1 to 7. 
(Wartmann, Mim. sur lea EtoilesßUintes, p. 17.) The tail of a shooting 
star (or its train), on the subject of which Brandes has made so many exact 
and delicate observations;, is in no way to be ascribed to the continuance 
of the impression produced by light on the retina. It sometimes continues 
visible a whole minute, and in some rare instances longer than the light 
of the nucleus of the footing star ; in which case the luminous tniek 
remains motionless. (Gilb. Ann., bd. xiv. s. 251.) This circumstance 
further indicates the analogy between large diooting stars and fire balls. 
Admiral Krusenstem saw, in his voyage round the world, the train of a 
fire ball shine for an hour after the luminous body itself had disappeared, 
and scarcely move throughout the whole time. {Beise, th. i. s. 58.) Sir 
Alexander Bumes gives a charming description of the transparency of 
the clear atmosphere of Bokhara, which was once so favourable to the 
pursuit of astronomical observations. Bokhara is situated in 39** 43' N. h., 
and at an elevation of 1280 feet above the level of the sea. " There is a 
constant serenity in its atmosphere, and an admirable clearness in thesky. 
At night, the stars have uncommon lustre, and the milky way shines glo- 
riously in the firmaLient. There is also a never-ceasing display of the 
most brilliant meteors, which dart like rockets in the sky : ten or twelve 
of them are sometimes seen in an hour, assuming every colour ; fieiy red, 
blue, pale and faint. It is a noble country for astronomical science, and 
great must have been the advantage eiy'oyed by the famed observatoiy of 
Samarkand." (Bumes, Travels into Bokhara, vol. ii (1834,) p. 158.) A 
mere traveller must not be reproached for calling ten or twelve shooting 
stars in an hour, *' many," since it is only recently that we have learnt, 
from careful observations on this subject in Europe, that eight is the 
mean number which may be seen in an hour in the field of vision of on« 
individual (Quetelet, Corresp. Mathim., Novem. 1837, p. 447); this 
number is, however, limited to five or six by that diligent observer^ 
Q^^rs. (Schum. Jahrb., 1888, s. 825.) 
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tanoc. Sir Alesander Bumes likewiBC estols as a conse- 
quence of the purity of the otmosphcre in Bokhara, the 
«nchantiug and constuntly recurring spcctaclu of \'ariuusly- 
colonred Ghooting stars. 

The coimection of meteorie stones with the grander phe- 
nomenon of lire balls — the former being known to be projeeted 
from the latter with such force as to penetrate from ten to 
fifteen feet into the earth — has been proved, among many 
other instances, in the falls of aerolites at Barbotau, in the 
Department des Landes (24ch July, 1790), at Siena (16th 
June, 1794), at Weston, in Connecticut, U. S. (Utli Decem- 
ber, 1807), and at Juvenaa, in the Department of Ard^che 
(15th Juno, 1821). Meteoric stones are in some iiistancea 
thrown from dark clouds suddenly formed in a clear sky, and 
fall with a noise resembling tliuiider. Whole distrieta have 
thus occasionally been covered with thousands of fragmentary 
Tna««es. of «niiorm. character bnt unequal magnitudes, that 
tuiTC been hurled fi.-om one of these moving clouda. In 
leas frequent eases, as in that which occurred on the 16th of 
September, 1843, at Kleinwenden, near Iklilhlhauscn, a large 
^^lite fell witl) a thundering cro^b, while the sky was clear 
and cloudless. The intimate affinity between fire balls and 
shooting stars is further proved by the fact that fire balls, 
from wliich meteoric stones have been throivn. have occa- 
sionally been found, as at Angoi-s, on the 9tii of June, 1822, 
having a diameter scarcely equal to that of the small fire- 
works, called Roman candles. 

The formative power, and the nature of the physical and 
chemical processes involved in these phenomena are questions 
all eqiuilly shrouded ia mystery, and we are as yet ignorant, 
whether tiie particles composing the dense mass of meteoric 
«tonea are originally, as in comets, separated Irom one another 
ia the form of vapour, and only condensed within the fiery 
ball when they become luminoHS to our sight, or whether in 
the case of smaller shooting stars any compact substance 
actually falls, or, finally, whether a meteor is composed only 
of a smoke-like dust, containing iron and nickel; whilst wo 
are wholly ignorant of what takes place within the dark cloud 
from which a noise like thunder is often heard for many 
minutes before the stones fall,* 

n the Annuaire fur 1882, p. a 
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l^e c&ii &sc6Ttsinl)yines8UTC!iBi6iitt2i66SD0niiODi, woncHrfli, 
tnd wImAj planetaiy Telocity of shooting stars, fire ballig add 
meteoric stones, and we can gain a knowledge of what iBÜie 
general and uniform character of the phenomenon, but B»t 
of the genetically cosmical process and the recrnhs of the 
metamorphoses. If meteoric stones while revolving in sfMMse 
are already consolidated into dense masses,* less dense, how- 

irale, t. L p. 408,) how the Scythian mga of th« sacred gold, whicii fdl 
hurning from h^ren, and remained in the p o aa o w i on of the GkMcn 
Horde of the Paralatae, (Herod., It. 5-7,) probably origiiiated in the vague 
recollection of the &11 of an aerolite. The ancients had also some stniige 
fictions (Dio Caaslns, Ixzv. 1259,) of silver which had &Ilcn from 
heaven, and with which it had been attempted, nnder the Emperor Se- 
veros, to cover bronze coins ; metallic iron was, however, known to exist 
in meteorie stones. (Plin. iL 56.) The freqnently-rectirring exprettkm 
Iapu/i&u«p{«i(,mu8t not always be nndentood to lefer to &Us of aeroUleB. 
In Jiiv. XXV. 7, it probably refers to pnmiee (rapUli^ ejected from 
the volcano, Momit Albanus (Monte Cavo), which was not wholly 
extinguished at the time. (See Heyne, OpujKula A aid., t. iii. p. 261 ; 
and my RdaUon Hut., t. i. p. 394.) The contest of Hercules with Ae 
Ligyans, on the road from the Caucasus to the Hesperides, belongs t»ä 
different sphere of ideas . being an attempt to explain mythicafiy the 
«rigin of the round quartz blocks in the I^gyan field of stcmes ik the 
mouth of the Rhone, which Aristotle supposes to have been ejected firom 
a fissure during an earthquake, and Posidonius, to have been cansed 
by the force of the waves of an inland piece of water. In the fragments 
that we still possess of the play of Achylus, the Prometkeua JMwered, 
everything proceeds, however, in part of the narration, as in a fidl of 
aerolites, for Jupiter draws together a cloud and causes the '* diskiict 
aroimd to be covered by a shower of round sUmes." Posidonius even 
ventured to deride the geognostio myth of the blocks and stones. The 
Ligyan field of stones was, however, very naturally and well descnibed 
by the ancients. The district is now known as La Orau, (See Gnerin, 
Mesures BartymMriquea dans lea Alpes, et MHSorologie d^Aviffium, 
1829, chap. XÜ. p. 115.) 

* The specific weight of aerolites varies from 1'9 (Alais) to 4*3 (Ubor). 
Their general density may be set down as 8, water being 1. As to 
what has been said in the text of the actual diameters of fire balls, we 
must remark that the numbers have been taken from the few measure- 
ments that can be relied upon as correct. These ghre for the fire haß of 
Weston, Connecticut, (14th December, 1807,) onlv 500, for that obssn^d 
by lie Roi, (10th July, 1771,) about 1000, andfortiiat estimftted by Gir 
Charles Blagden, (1 8th January, 1788,) 2600 feet in diameter, Bnoides 
(Unterhaltungen, bd. 1. s. 42) ascribes a diameter varying from 8Ö to 
120 feet to shooting stars, and a luminous train extending frt>m l^i to 
16 miles. There are, however, ample optical causes for supposing that 
the apparent diameter of fire balls and sheeting stem has bmmrm 
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erer, than flic meon density of the EarÜi, they must be very 
small nuclei, which, surronnded by inflammable vapour or 
gas, form the innermost part of fire balls, fiom the height 
and apparent diameter of which we may in the case of the 
laigeet, estimate tiat the actual diameter Taries from 600 
to about 2800 feet. The tai^st meteoric masses as yet 
known, arc those of Otumpa, in Chaco, and of Bahio, in 
Braeil, described by Rubi de Celis as being fi«ra 7 to 7^ feet 
in length. The meteoric stone of ^gos Potamos, cele< 
IffSted in antiquity, and even mentioned in the Chronicle 
of the Parian Marbles, which fell about the year in which 
Socrates was bom, has been described as of the size of 
two millstones, and equal in weight to a full waggon load. 
Notwithstanding the failure that has attended the efforts of 
the Airican traveller. Brown, I do not wholly relinquish the 
hope that, even after a lapse of 2312 years, this Thraciaa 
meteoric mass, which it would be so difficult to destroy, may 

much overrateiL The volumoof thelorgeatErebiillyet obaerrodeaniwt 
baeoiapared withthat of Ceres, eBtimatlngthUpkjiet to have & diameter 
of onl; 70 English mites. (See the .generally so exact and admiraUe 
traBtlse, Oh the ConnexionoflhePhyBicai Sdencei, 1S36, p. 411.) With 
(be Tiew of eluctdiling what ha« been stated in the text regarding llie 
la^aernlite that fell into the bed of the river Nami, but hu not again 
been found, I nill give the passage made known b; Pertz, from 11m 
Chroniain Beneditti, Monaehi Sancti Andreix in Monle Soratl», 
a HS. belonging to the tenth century, and preserved in the Ciiigi Idr 
hrar7 at Rome. The barbarosB Latin of that age has been left na- 
duoiged. " Anno 921, teinponbitt liomiai Johannis Ilecimi pape, at 
anno pvntificatae iliivt T visa auni tigna. NamjaiM vriem Btmant 
tofida pturimi de codo cadere vigi naii, /n civitate qua vacatur 
Xiamia tam diri ac tetri, vt nihil alitid eredatmr, quam de infemaiitvi 
heia dedaeti eaterU. Nam. ita ex itli» tapiditnu msH« omnium maatnau 
■*(, iU deeiden» in ßumen Narrui, ad mrnmram untiu cuUli euper 
aquat fiuminia \aque liodie rriderelitr, \nm ft igniUefacala de calo 
flmritms owmibuii ia hac civitate Roj/uoU fojiuli viicB mni, ila ui pcne 
Ams oontingfTfl. Atüs cadetOa," 4c. (rerti, Mowuin. Oerm. airt. 
8en}iloTei,t.iii.p.71i.) Oalbe aerollteBof iSgos Potamos, which fell, 
Metwding to the Parian Chronicle, in the TS 1 Olympiad, see BSek)^ 
Otrp. lose. Oroec, L iL pp. 302, 330, 340 ; also, ArisWt. MeCeor., U 7, 
(^er's ComTn., t l pp. i04-407) ; Stob. JSol. Phi/»., i. 25, p. 1108) 
(H«enai); Plat.Xya.,c.lS; Diog. LaerL, il. 1 ; and see also sabraqnant 
■otM in this work. According to a Mongolian tradition, a block '' 
vent of a rook, forty icet in height, fell from heaven on a plain nea 

le uf the Great Tellow Kiver in Western China. (Abel K^masatt 

'■ de,JimT.dePhffs.,m9,aKi,p.SU.) 
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be found, since the region in which it fell is now beepms 
so easy of access to European travellers. The huge aerolite 
which in the beginning of the tenth century fell into the riTer 
at Nami, projected between three and four feet above the sui* 
&ce of the water, as we leam from a document lately dis- 
covered by Pertz. It must be remarked that these meteoric 
bodies, whether in ancient or modem times, can only be re- 

garded as the principal fragments of masses that have been 
roken up by the explosion either of a fire ball or a dark 
oloud. 

On considering the enormous velocity with which, as has 
been mathematically proved, meteoric stones reach the earth 
from the extremest confines of the atmosphere, and the 
lengthened course traversed by fire balls through the denser 
strata of the air, it seems more than improbable that these 
metalliferous stony masses, containing perfectly-formed crys* 
tals of olivine, labradorite, and pyroxene, should in so short 
a period of time have been converted from a vaporous con- 
dition to a solid nucleus. Moreover, that which falls from 
meteoric masses, even where the internal composition is 
chemically different, exhibits almost always the peculiar cha- 
racter of a fragment, being of a prismatic or tnmcated pyra- 
midal form, with broad somewhat curved feces, and rounded 
angles. But whence comes this form, which was first recog- 
nised by Schreiber, as characteristic of the severed part of a 
rotating planetary body ? Here, as in the sphere of organic 
life, all that appertains to the history of development remains 
hidden in obscurity. Meteoric masses become luminous and 
kindle at heights which must be regarded as almost devoid of 
air, or occupied by an atmosphere that does not even contain 
i(i(f(,ü(t part of oxygen. The recent investigations of Biot, on 
the important phenomenon of twiHght,* have considerably 

* Biot, Traits cP Astronomie physique (Shme ^.), 1841, t. i. pp. 149, 
177, 238, 312. My lamented Mend Poisson endearoured, in a singalar 
manner, to solve the difficulty attending an assumption of the spon- 
taneous ignition of meteoric stones at an elevation where the deiudty 
of the atmosphere is almost null. These are his words : " It is difficult 
to attribute, as is usually done, the incandescence of aerolites to friction 
against the molecules of the atmosphere, at an elevation above the earth 
where the density of the air is almost null. May we not suppose that 
the electric fluid, in a neutral condition, forms a kind of atmosphere, 
extending for beyond the mass of oar atmosphere, yet subject to ter> 
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lowered the lines which had, perhaps with some liegree of 
temerity, been usually termed the boundaries of the atmo. 
sphere ; but processes of light may be evolved independently 
(rf the presence of oxygen, and Poisson conjectured that 
aerolites were ignited far beyond the range of our atmosphere. 
Numerical calculation, and geometrical measurement, ai-e the 
only means by which, as in the case of the larger bodies of our 
solar system, we are enabled to impart a firm and safe basis 
to our investigations of meteoric stones. Although Halley 
pronounced the great fire ball of 1686, whose mutton was 
opposite to that of the Earth in its orbit,* to be a cosmical 
body; Chladni, in 1794, first recognised, with ready acuteness 
of mind, the connection between fire balls and the stones 
prqected from the atmosphere, and the motions of the former 
bodies in Epace.f A bnlÜant confirmation of the coEmical 
origin of these phenomena has been afforded by DeuiBon 
Olmsted, at Newbaven, Connecticut, who has shown, on 
the concurrent authority of all eye-witnesses, that during the 
eelebrated fall of shooting stars, on the night between the 
12th and 1 3th of November, 1833, the fire balls and shooting 
stars all emerged from one and the same quarter of the 
heavens, namely, in the vicinity of the star y in the eon- 
atellatlon Leo, and did not deviate from this point, although 
the star changed its apparent height and azimuth during the 
lime of the otraervation. Such anindependcnccof the Earth's 
rotation shows that the luminous body must have reached our 

nettiAl attraction, although physically imponderable, and coDsequODtiy 
followii^ oar globe in ila motion 1 Acpotäiag to this hypüthosie, tho 
bodies of which ve have been epeaking would, on entering this impon- 
denble atmosphere, decompose the neutml fluid by their unequal action 
im the two electricities, aod the; troald thus be heated, and in a state 
orincandescence, by becoming electrified." (PotsHon, Bfch. svr la iVobo- 
iäjti da Jugementa, 183T, p. 6,) 

• Philoi. Traioaa.fXoX. uii. pp. 161-183, 

+ The firetcditionof Chladiii'simportanttretttise|(7eier Jen Ursprang 
demon PalUu gt-fundtnei fand anderen EUeniHaaee» (On Iho Origin of 
the masses of Iron found by Pallaa, anil other similar masses), appeared 
two months prior to the sliower of stones at Siena, and two years bpfbre 
IdchtanberK stated, in the OöUingen TaerAenbuch, that " atonea reach 
om atmosphere from the remoter regions of srace." Comp, also Olboi^ 
letter to Beozenbcrg, 18th Sov 1&Ü7 in BeuKenbere'B TreatiM on 
SkooHng Stan, p. IM. 
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atmosphere fh>m wUh&ui. Acoerding to 'Botke^B caiapt^ 
Hon* of the whole number of the obserfKtionB made in tiie 
united S^tes of North America, between 35'' and 42"" lot» it 
would appear that all these meteors came from the same 
point of space in the direction in inHbi^ the earth was moTiDg 
at the time. On the recurrence of fidls oi shooting stars in 
North America, in the month of November of the years 1834 
and 1837, and in the analogoos fiills observed at Bremen, in 
1838, a like general parallelism of the orbits, and the same 
direction of the meteors from the constellation Leo, were 
again noticed. It has been supposed that a greater paral- 
lelism was observable in the Erection of periodic fiüls of 

* Encke, in Poggend. AnnaUn, bcL xzziiL (1834), g. 213. Ango, 
in the Anntuiire for 1836» p. 291. Two letters which I wrote to 
Benzenberg, May 19 and October 22, 1837, on the conjectnral pre- 
cession of the nodes in the ort)it of periodical fiiUs of shooting sttn. 
(Benzenberg^s Stemseh., s. 207 und 209.) Olbers subsequently ad<^rted 
this opinion of the gnubul retardation of the November phenomenea. 
ifAstron. Nachr., 1838, No. 372, s. 180.) If I may ventore to combine 
^o of the falls of shooting stars mentioned by the Arabian writers with 
the epochs found by Boguslawski for the fourteenth century, I obtain 
the following more or less accordant elements of the movements of the 
nodes: — 

In Oct, 902, on the night in whidi King Ibrahim ben Ahmed died, 
there fell a heavy shower of shooting stars, " like a fieiy rain ;** anA this 
year was, therefore, called the year of stars. (Condc, Hist, de la Domia, 
de Jos A rabes, p. 346.) 

On the 19th of Oct., 1202, the stars were in motion all night 
" They fell like locusts." {Comptes Rendua, 1837, t i. p. 294; and 
frsehn, in the BvU, de PAcadSmie de St. Petertbourg, t iii. p. 308.) 

On the 2l8t Oct, O.S., 1366, " die sequente poatfutum XI. miMia 
Virginum db hora matutina usque ad lioram primam visce sunt quasi 
stelloi de ccelo cadere continuo, et in tanta multitudine, quod nemo 
narrare sußcit** This remarkable notice, of which we shall speak more 
fiilly in the subsequent part of this work, was found by the younger Yon 
Boguslawski, in Benesse (de Horowic) de Weitmil or Weithmül^ 
Chronicon JScdesicB Pragensis, p. 389. This chronicle may also he 
found in the second part of Scriptores rerum Bohemicarum, by Pelzel 
and Dobrowsky, 1784. (Schum. Astr. Nachr., Dec. 1839.) 

On the night between the 9th and 10th of November, 1787, man^ 
fklling stars were observed at Manheim, Southern Germany, by Hemmex. 
(Kämtz, Meteor., th. iii. s. 287.) 

After midnight, on the 12th of November, 1799, occurred the extra- 
ordinary fall of stars at Cumana, which Bonpland and myself have 
däcribed, and which was observed over a great pari of the earthy 
JRelat. Hist., t i. pp. 619-627.) 
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Aootin^ store, tiian in thoae of sporadic occnrrence ; and it 
has fnrüier been remarked, "Üiat in tlie periodically-recurring 
fells in the month of August, as, for instance, in the year 1839, 
the meteors came principally from one point between Perseoe 
and TauruB. towards the latter of which constellations the 
Earth was then moving. This peculiarity of the phenomenon, 
manifested in the retr<^;rade directiim of the orbits in No- 
Tember and August, should be thoroughly investigated by 
accurate observations, in order that it may either be fully 
confirmed or rcftited. 

The heights of shooting stars, that Is to say, the heights 
of the points at which they begin and cease to be visible, 
vaiy exceedingly, fluctuating between 16 and 140 mile», 
Hiui important result, and Üie enormous velocity of these 
problematical asteroids, were first ascertained by Benzenberg 
and Brandes, by simultiineous observationa and determina- 
tions of parallax at the extremities of a base line of 49.020 
feet in length.* The relative velocity of motion is from 16 
to 36 miles in a second, and consequently equal to planetary 

Between the 12t)i and 13th of Norember, 1822, shooting stais, intw- 
mingled with fire bails, were seen in large numbers by Kloden, at 
PolBdMQ. (GilberfB Ann., bd. Inii. a. 29i.) 

On the lätli of November, 1831, at i o'clock in the morning, agl«lt 
■howcr of üLÜing stars hbs seen hj Capt&ia B6rard, on the SpanMi 
co»t, near Carthagena del Levsnte. (Aniaiaire, 1836, p, 2B7.) 

In the night between the 12th and ISth of November, 1B33. occiuTed 
the pheoomenoD bo admirabi; described bj Profeseor Olmsted, in 
9orth America. 

In the night of the 13-14th of November, 1SS4, a mmilar fall of 
AooÜng stars was seen in North America, allhough the niunbera were 
not quite so oonaidcrablc. (Poggend. Aniialea, bd. xxxiv. a. 120.) 

On the 13th of November, 1S36, & bam was set on fire bv the &U of 
1 sporadic fire ball, at Belley, in the Department de l'Äin. (Jn. 
•uairs, 183B, p. 298.) 

In tjie year 1838, the stream shtiwed itielf moat decidedly on the 
night of the 13-Uth of November. iAitran. Na<Ar.,'lS3i,tio. 373,) 

* I am well aware that, amongst the 62 shooting sUra umultane- 
Dnaly observed in äilegia, in 1823,. at the suggestion of FrofeWOT 
Btaodes, some appeared to have an elcvntion of 183 to HO, or even 
400 roilos, (Brandes, Untfrkalttrngen-faT Freunde dtr Aitrotomie and 
Phygit, heft i. s. 48. Instructive Narratives for the Ldvcib of 
Astnmomy and PtyaicB.) But Olbers coneldered that all del«rniin»- 
Uons for clevationB beyond 120 miles mast be doubtful, owing lo ""^ " 
«nallnesa of the paraUsi. 
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velocity. This planetary velocity*, as well as the direction of 
the orbits of fire balls and shooting stars, which has fre- 
quently been observed to be opposite to that of the Earth, 
may be considered as conclusive arguments against the hypo- 
thesis that aerolites derive their origin from the so-called 
active lunar volcanoes. Numerical views regarding a greater 
or lesser volcanic force on a small cosmical body, not sur- 
rounded by any atmosphere, must from their nature be wholly 
arbitrary. We may imagine the reaction of the interior of 
a planet on its crust ten or even a hundred times greater 
than that of our present terrestrial volcanoes ; the direction 
of masses projected from a satellite revolving from west to 
east might appear retrogressive, owing to the Earth in its 
orbit subsequently reaching that point of space at which these 
bodies fall. If we examine the whole sphere of relations 
which I have touched upon in this work, in order to escape 
the charge of having made unproved assertions, we shall find 
that the hypothesis of the selenic origin of meteoric stones f 

* The planetary velocity of translation, the movement in the orbit, 
is in Mercury 26*4, in Venus 19% and in the Earth 16;4 miles in a 
second. 

f Chladni states, that an Italian physicist, Paolo Maria Terzago, on 
the occasion of the fall of an aerolite at Milan, in 1660, by which a 
Pranciscan monk was killed, was the first who surmised that aerolites 
were of selenic origin. He says, in a memoir entitled Musceum Sep- 
talianunif Manfredi SeptalcB, Fatricii MediolanensiSf indvstrioso la- 
bore constructum (Tortona, 1664, p. 44), " Labantphiloeophorum metUes 
ettb herum lapidum ponderibua ; ni dicere velimuSf limam terram 
idteram, sine mundum esse, ex cujus montibus divisa frustra in infe- 
riorem nostrum hunc orbem delabantur." Without any previous know- 
ledge of this conjecture, Olbers was led, in the year 1795 (after the 
celebrated fall at Siena, on the 16th of June, 1794), into an investi- 
gation of the amount of the initial tangential force that would bo 
requisite to bring to the Earth masses projected from the Moon. This 
ballistic problem occupied, during ten or twelve years, the attention 
of the geometricians Laplace, Biot, Brandes, and Poisson. The 
opinion which was then so prevalent, but which has since been aban- 
doned, of the existence of active volcanoes in the Moon, wher.i air and 
water are absent, led to a confusion in the minds of the generality of 
persons between mathematical possibilities and physical probabilities. 
Olbers, Brandes, and Chladni thought " that the velocity of 16 to 32 
miles with which fire balls and shooting stars entered our atmosphere," 
lonushed a refutation to the view of their selenic origin. According 
to Olbejrs, it would require to reach the Earth, setting aside the re- 
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depends upon a number of conditions whose accidental coin- 
cidence could alone convert a possible into an actual fact. 
The riew of the original existence of small planctiry masaes 
in space is simpler, and at the same time more analogous 
with those entertained concerning the formation of other 
portions of the solar system. 

tiBtance of the air, an mitial velocitj of S292 feel in the secoad; ae- 
cotding to Laplace, 7862; to Blot, 62S2; and to Poi°80D, 7GSG. 
I«plitee states that Üiia velocity U cnly five or six times as great tui 
that of a eannon-ball, but Olbera hss shewn, " that with saoh an initial 
Telocity as 1500 or 8000 feet in a second, meteoric etonea vould arriva 
kt the surikce of oni earth nith a veloL'ity of only 35,000 feet, (or l'G3 
German geographical mile.) But tbe measured velocity of meteoric 
itonea averages 6 saoh milea, or upwards of 114,000 feet to a second ; 
ud conaequently the original velocity of projection from tbe Moon must 
be almost 110,000 feet, and therefore 14 times greater Uian Laplace 
»BSerted." (Gibers, in Schnm. Jalirb., 1837, pp. S-2-58 ; and in Gehler, 
Nnea phymt. WärHrbuck^, bd. vi abth. 3, s. 2129-2136.» If we 
couid aaeume volcanic forces to be atill active on the Moon's surf^, 
the absence of atmospheric resistanca would certainly give to their 
pnyectile force an advantage over that of our terrestrial volcanoes ; but 
even in respect (o the measure of the latter force (the projectile force of 
our own volcanoes), we bare no obserrationB on which uiy reliance can 
be placed, and it hna piobalily been excocdingly over-iatsd. Dr. Felera, 
who accurately observed and measured the phenomena presented by 
£tnB, found that the greatest velocity of any of tbe stones projected front 
the crater was only 1250 feet to a aeeond. Observations on the Peak of 
Teneriffe, !□ 1793, gave 3000 feet. Although Laplace, at the end of his 
work (Expos, rfit S^. du. Monde, ed, de 1824, p. 399), cautionsly 
obeerves, regarding aerolites, " that in all probability they come from 
the depths of space ;" yet we see from, another passage (chap. vi. p. 2S3), 
thttt^ being probably unacquainted -with the eitraordinary planetary 
Telocity of meteoric atonca, he inclines to Uio hypothesis of their lonar 
origin, always, however, asaiuning that the stonra projected from tlia 
Moon " become Batellites of our Earlh, describing around it more or lent 
eccentric orbits, and thus not reaching lis atmosphere until several 
or even many revolutions have been accomplished." As an Italian at 
Tortoua had the fancy that aerolites ■came from the Moon, so some of 
the Qreek philosophers thought they came from the äun. This was 
the opinion of Diogenes Laertiua (ii. H), regarding the origin of Uia 
muaÜat fell at jEgos Polamos{seen.ote,p. 103). Pliny, whose labour« 
in recording the opinions and statements of preceding writers are 
utonisbin;, repealit the theoij', and deridcE it the more freely, becanse 
he. wilh earlier writers {Diog. Laort., 3 and 6, p. B9, Hübner), accnaet 
Anaiagoras of having predicted the fall of aerolites from the Son : 
" Cfllebrajit Oncci Ananigorum Claaomenium Olympiadia Koptuagesiniio 
e secundo anno pncdixiase ucleetium litterarum scientia, qnibus 
- - e sole, idque &wtam lat«[d.la.tiLTbxuwpb 
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It is very probable that a laige nmiiber of these cosmicfll 
bodies traverse space undestroyed by the vicinity of our 
atmosf^ere, and revolve round the San without experiencü^ 
any alteration but a dight increase in the eccentricity of their 
orbits, occasioned by the attraction of the Earth's mass. We 
may, consequently, suppose the possibility of these bodies 
remaining invisible to us during many years and fi-equent 
revolutions. Hie supposed phenomenon of ascending shooting 
stars and fire baUs, which Chladni has unsuccessfully endea- 
voured to explain on the hypothesis of the reflection of stronf^ 

fsrte td .figos flumen. Quod si quit praedictnin eredat, simul fikteatnr 
BSoeMe est, nuyoris miraculi diyinitatem Anazagor» faiaae, solviqne 
ranun naturse intellectum, et confimdi onmia^ si aut ipse Sol lapis eow 
aat unqnam lapidem in eo Aiisse credaUir ; decidere tarnen erebro non eiil 
dobium." The faXL of a moderate-sized stone, which is preserved in tht 
Gymnasium at Abydos, is also reported to have been foretold by Anax- 
a^oraa. The &U of aerolites in bright sunshine, and when the Moon's 
(Use was inTisible, probably led to the idea of son-stones. Moreover, 
sooording to one of the physical dogmas of Anaxagora% which brou^ 
an him äe persecution of the theologiana (even as they have attacked 
the geologists of our own times), the Sun was regarded as*" a moUen 
fiery mass " (ßvSpo^ didirvpoc.) In accordance with these views of Anax« 
«goraa, w« find Euripides, in Phaeton, terming the Sun " a golden 
mass ;" that is to say, a fire-ooloured, brighüy-shining matter, but not 
leading to the inference that aerolites are golden sun-stones. (See note 
Ijo page 101.) Compare Yalckenaer, Diatribe in Ewrip. perd. Dram. 
JBsliquiaa, 1767, p. 30. Diog. Liaert., ii. 40. Hence, among the Qreek 
j^iilosophers, we find four hypotheses regarding the origin of fiJling 
stars : a telluric origin from ascending exhalations ; masses of stone 
raised by hurricane (see Aristot., Meteor., lib. i. cap. iv. 2-13, and 
c^>. vii. 9) ; a solar origin ; and lastly, an origin in the regions of 
space, as heavenly bodies which had long remained, invisible. Be- 
q>ecting this last opinion, which is that of Diogenes of ApoUonia, and 
entirely accords with that of the present day, see pages 112 and 113. It 
is worthy of remark, that in Syria, as I have been assured by a learned 
orientalist, now resident at Smyrna, Andrea de Nericat, who instructed 
me in Persian, there is a popular belief that aerolites chiefly &11 on 
dear moonlight nighta The ancicnte^ on the contrary, especially 
lodLed for their fall during lunar eclipses. (See Pliny, xzxvii. 10, p. 16i. 
Solinus, c. 37. Salm., Exerc, p. 531 ; and the passages collected by 
Ukert, in his Qeogr. der Oriedien und Römer, ih. ii. 1. s. 131, note 14.) 
On the improbability that meteoric masses are formed from meti^-dis- 
sdlTing gases, which, according to Fusinieri, may exist in the hi^^iest 
stiata of our atmosphere, and, previously difiused through an ahnest 
Wvndleas space, may suddenly assume a solid condition, and on ths 
jMBetiBtion and misceability of gases» see my Btki^t, Hist,, L i. p. 6SUk 
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r, appears at first sight as the consequence of 
some unknonn lungential force, propeiling bodies trom the 
earth; but Bcssei Im shown by theoretical deductions, con. 
finned by Feldt's carefully conducted calculations, that owing 
to the absence of any proofs of the simultaneous occurrcDce 
of the observed disappearances, the assumption of an ascent of 
ahooting stars was rendered wholly improbable, and inad- 
nussible as a result of observation.^ The opinion advanccil 
by Olbers that the explosion of shooting stare and ignited fire 
rails not moving in straight lines may impel meteors upwards 
in the manner of rockets, and influence the direction of their 
orbits, must be made the subject of ftiture researches. 

Shooting stars lall either separately and in inconsiderable 
numbers, that is, sporadically, or in swarms of many thousands. 
The Litter, which are compared by Arabian authors to swarm« 
of looHsta, are periodic in their occurrence, and move in 
atreoms, generally in a parallel direction. Amongst periodic 
ialls, the mo6t celebrated are that known as the November 
jienomcDon, occurring from about the 12th to the Hth of 
November, and that of the festival of St. Lawrence (the lüth 
of August), whose "fiery tears'' were noticed in former times 
in a diurch calendar of Eitglaad, no less than in old tra- 
ditionary legends, as a meteoroli^ical event of constant re- 
CBixence.t Notwithstanding tli« great quantity of shooting 

• BesBel, in Sebum. Aglr. Ifackr., 1839, Nr. 3S0 und 381, s. 222 nod 
He. At, the concluBion of the Memoir there is a compariaoa of the 
8un'< loDgitudes with the epochs □( tJie November phenomenon, fixim 
tiw period of the tint obserrstions ia Camana in 17St). 

+ Dr. Thomas Foralar (7'he Podeel Encyclopcedia, tff NatiiTol Ph^ 
nomma, 1827, p, 17) states that a manuaeript is preBarred in the library 
of ChriBt's College, Cambridge,' writle n in the tiailh century by a monk, 
and entitled Ephemeridea Bcrma yatvralitim, in »hkh the natural 
phenomena for each day of the yev are inacribed, aa for instance, the 
fint Bowering of pinnle, the arrival of bird^ &e. ; the IDth of August 
is distingoiidied by the word " meteonxtes/^ It vas this indioation and 
the tradition of the üei? tears of St. Lawrence that chiefly induced 
Dr. Forittor to undertake his eilremely zealous investigation of the 
Aagust phenomena. (Quotelet, CurretpoHd. MaUiim., S^rie III, t. I. 
18S7, p. d33.) 

' [No Bueh manuaeript is at present known to eiist in the Ubmry 
of that College. For this inTormatioa 1 am indebted to the inquiries of 
Mr. Cory of Pembroke College, the learned edil-or of äitroglnphic* af 
ßorapallo NiUna, Qreek and Bng^isb, 1340.]— TV. 
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stars and fire balls of the most yarious dimensions, which, 
according to Klöden, were seen to &I1 at Potsdam, on the 
night between the 12th and 13th of November, 1822, and on 
the same night of the year in 1832, throughout the whole of 
Europe, from Portsmouth to Orenburg on the Ural River, and 
even in the Southern Hemisphere, as in the Isle of France, no 
attention was directed to the periodicity of the phenomenon, 
and no idea seems to have been entertained of the connection 
existing between the fall of shooting stars and the recurrence 
of certain days, imtil the prodigious swarm of shooting stars 
which Occurred in North America between the 12th and 13th 
of November, 1833, and was observed by Olmsted and Palmer. 
The stars fell, on this occasion, like flakes of snow, and it was 
calculated that at least 240,000 had &Ilen during a period of 
nine hours. Palmer of New Haven, Connecticut, was led, in 
consequence of this splendid phenomenon, to the recollection 
of the fall of meteoric stones in 1 799, first described by Ellicot 
and myself,* and which, by a comparison of |the fiu^ts I had 
adduced, showed that the phenomenon had been simultaneously 
seen in the New Continent, from the equator to New Herm- 
hut in Greenland, (64° 14' lat.) and between 46° and 82° 
long. The identity of the epochs was recognised with 
astonishment. The stream, which had been seen from Jamaica 
to Boston (40° 21' lat.) to travei-se the whole vault of heaven 
on the 12tli and 13th of November, 1833, was again observed 
in the United States in 1834, on the night between the 13th 
and 14th of November, although on this latter occasion it 
showed itself with somewhat less intensity. In Europe the 
periodicity of the phenomenon has since been manifested with 
great regularity. 

Another and a like regularly recurring phenomenon is that 
noticed in the month of August, the meteoric stream of St. 
Lawrence, appearing between the 9th and 14th of August. 

* Humb., Rel. Uiat, t. i pp. 519-627. Ellicot, in the Tranaactums 
of the American Society, 1804, vol. vi. p. 29. Arago makes the fol- 
lowing observations in reference to the November phenomena : " We 
thus become more and more confirmed in the belief that there exists a 
zone composed of millions of small bodies, whose orbits cut the plane of 
the ecliptic at about the point which our Earth annually occupies between 
the 11th and 13th of November. It is a new planetary world be^^nning 
to be revved to us." (Annuaire, 1836, p. 296.) 
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Muschenbroek,* os early aa in the middle of the last cen- 
tury, drew attention to the frpquency of meteors in the 
month of August ; but their certain periodic return ahout 
Üie time of St. Lawrence's day was first shown by Quetelct, 
Olbcrs, and Benzenberg. We dia!l,no doubt, ill time discover 
otlier periodically appearing Btreams,t probably about the 
22nd to the 25th of April, between the 6th and 12th of 

• Compare Muscheiibroek, /nirod. od PAii.A'ai., 1762, t.ii. p. lOÖI; 
Howard, On the Climate of London, vol. ii. p. 23, obBerrationB of tha 
jeu IS06 ; seven yenrs, therefore, after tho earlieat observatians of 
Blandes (BeniEnbcrg, flier Sternaohmtppcn, a. 2*0-24*) ; the August 
(AtMratiooB of Thomas FotsUr, in Quclclet, op. cit. p. 438-463; 
tbua of Adolph Erman, Bagaslaweki and Kiell, in Schum, Jalirb., 
1838, «■ 317-330. Bearding the point of origin in PerseuB, on the 
lOth of Angnst, 18S9, Bee the acuuraLo mcaeuremeDU of Bessel and 
Xrmao (Sehum. Astr. NacltT., No. 385 und 428) ; but on the lOtb of 
Angnst, 1837, the path does not appear to hare been retaigrade ; see 
Ango, in Comptfs Rendiis, 1837, t. ii. p. 183. 

t On the 26th of April, 1095, " innnmerable ejes in France saw Blare 
blling &oni heaven as thickl; as liail," \iä grando, nut tucerenl, pro 
4eiuSate putaretUT; Baldr. p. 88), and this oocurreooo waa regirded 
bl Uie Council of Clermont as indicative of the great moTemeot in 
(Aristendom. (Wilfcen, Oeadi. der Krewzuge, bd. i. s. 75,) On the 
SWl of April, 1800, a great bll of stars was obaerred in Virginia and 
ICanachueetts ; it vras " a &re of rocliets that lasted two hours." Anigo 
■H the first to call attention to this " tratnfc d'asteroides," as a re- 
mrring phenomenon. [Annuaire, 1836, p. 297.) The falls of serolilea 
io tha beginning of the month of December, arc also deserving of notice. 
In reference to their periodic recurrence as a meteoric stream, we ma; 
msntion the early observation of Brandes on the night of the Sth and 
TUl of December, 17B3 (when he counted 2000 falling stars), and very 
pMlabl? the enorroouB fall of aerolites that occurred at tSe Rio Assn, 
Bear the village of Macao, in the Bciuil^, onthe 11th of December, 183S. 
(Brandes, Unla-hall. für Freunde der Fhygik, 1825, heft i. s, 65, and 
(hmpta Bendv», t. v. p, 211.) Capocci, in the interval between 1809 
lod 1S39, a space of 30 years, has discorered twelve aathenticated cases 
of MrollteBoecuning between the 27th aad 29th of November, besides 
others on the 13th of November, the lOCh of August, end the 17th of 
July, {Comptea Rendun, t. li. p. 3E".) It is singular that in the 
portion of the Earth's path corresponding with the mouths of Januaiy 
Mid February, and probably also with March, no ptriodic streams of 
laUing Btars or aerolite» have as yet been noticed ; although when hi 
lb« Booth Sea in the year 1803, J obscn-ed on the Ifith of March a 
remarkably large number of falling stars, and Ibey were seen bo fall as 
in s swarm in the city of Quito, shortly before the terrible earthqoaks 
of Kobamba on the *th of February, 1797. From the phen. 
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December, and, to judge by tbe number of tnie fiilk of aero- 
lites enumerated by Capocci, also between the 27th and 29tii 
of November, or about the 17th of July. 

Although the phenomena hitherto observed «ppexr to ha^e 
been independent of the distance firom the pole, the tempetm- 
ture of the air, and other dimatic relations, there is, however, 
one perhaps accidentally coincident phenomenon whidi most 
not be wholly disregarded. The Northern light, the Aurora 
Borealis, was unusually brilliant on the occurrence of the 
nlendid fall of meteors of the 12th and 13th NoYonber» 183d, 
described by Olmsted. It was also obserred at Bremea m, 
1838, where the periodic meteoric fidl was, however, less 
remarkable than at Richmond near London. I ha^e mentiaiied 
in another work the singular fact observed by Admiral 
Wrangel, and frequently confirmed to me by himadf^* that 
when he was on the Siberian coast of the Pokr sea, he abaar?ed 

hitherto obsorved, the following epodis seem espedaDy worthy of 
remark : — 

22nd to the 25th of April 

17th of July, (17th to the 26th of July?) (Quet., (7<wt., 1837, p. I3&) 

10th of Angiiat 

12th to the 14th of November. 

27th to the 29th of November. 

6th to the 12th of December. 

When we consider that the regions of space most be oeeafied Vy 
myriads of comets, we are led by analogy, notwithstanding tha ^i 
ferences existing between isolated comets and rings filled with ssteioidiB; 
to regard the ft'equency of these meteoric streams with less asfannW|i' 
ment than the first consideration of the phenomenon would be Hkdy 
to excite. 

• Ferd. v. Wrangel, JReise längs der NordhüsU von Sibirien is 
den Jahren 1820-1824, th. ii. s. 259. Begarding the recurrence of 
the denser swarm of the November stream after an interval of 88 
years, see Olbers, in Jahrb., 1837, s. 280. I was informed in Oammi 
that shortly before the feaiful earthquake of 1766, and conseqn^Sth 
83 years (the same interval) before the great fall of stars on the IXtt 
and 12th of November, 1799, a similar fiery manifestation had been 
observed in the heavens. But it was on the 21st of October, IM^ 
and not in the beginning of November, that the earthquake oocwtal 
Possibly some traveller in Quito may yet be able to ascertahi Ifie 
day on which the volcano of Oayambe, which is situated then^ IMS 
for the space of an hour enveloped in falling stars, so that ttat Iftr 
habitants endeavoured to appease heaven by religious pi 
\^eUU, Hist, 1. 1. chap. iv. p. 897 ; chap. x. p. 520 and 027.) 
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\ Aurora Borealia, certain portions of the vnult of 
heaven, which were not üluniinatec), light up ami continue 
luminous whenever a shooting star passed over them. 

The diSferent meteoric sti-eama. each of which is composed 
of myriada of Bmall cosmical l/odies, probably intersect onr 
Earth's orbit in the same manner as Biela's comet. Accord- 
ing to this hypothesis, we may represent to om-eelves these 
asteroid-meteors as composii^ a closed ring or 7one, within 
which they all pursue one common orbit. The smallei 
iJanets between Mars and Jupiter, present us, if we except 
Fallas, with an onalogüus relation in their constantly inter- 
secting orbits. As yet, however, we have no certain know- 
ledge as to whether changes in the periods at which the 
stream becomes visible, at the retarilations of the phenomena 
of which I have ah'eady spoken, indicate a regular precession 
or Dficillation of the nodes — that is to say, of the points of 
intersection of the Ekuth's orbit and of that of the ring ; or 
whether this ring or zone ^J^'cains so considerable a degree of 
breadth from the irregolar grouping and distances apart of 
the small bodies-, toat it requii'es several days for the Earth 
to traverse it. The system of Saturn's sateUitea shows us 
likewise a group of immense width composed of most inti- 
mately-connected cosmical bodies. In this system, the orbit 
of the outermost (the seventh) satellite has such a vast di- 
ameter, that the Earth, in her revolution round the Sun, 
Kquires three days to traverse an estent of space equal to 
this diameter. I^ therefore, in one of these rings, which 
we regard as the orbit of a periodical stream, the asteroids 
ahoidd be so irregularly distributed as to consist of but few 
groups sufficiently dense to give rise to these j^enomena, we 
may easily understand why we so seldom witness such glorious 
ipeotaclee as those eshibitod in the November months of 
1799 and 1 833. The acute mind of Olbers led him abnost to 
predict that the next appearance of the phenomenon of shoot- 
ing stars and fire balls intcrniised, falling like fiakes of snow, 
would not recur until between the 12th and !4th of November, 
1867. 

The stream of the November asteroids has occasionally 
only been visible in a small section of the Earth. Thus, for 
instance, a very splendid me'-aric jJiou'er was seen in England 
in the year 1337, whilst a mos. attentive and skilful obeervei 
I 2 
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at Braunsberg, in Prussia, only saw on the same night, Tfhidli 
was there uninterruptedly clear, a few sporadic shooting stars 
&11, between seven o*clock in the evening and sunrise the 
next morning. Bessel* concluded from ti^is, ^' that a dense 
group of the bodies composing the great ring, may have 
reached that part of the Earth in which England is situated, 
whilst the more eastern districts of the Earth might be passing 
at the time through a part of the meteoric ring proportion- 
ally less densely studded with bodies." If the hypothesis of a 
regular progression, or oscillation of the nodes, ^ould acquire 
greater weight, special interest will be attached to the inves- 
tigation of older observations. The Chinese annals, in which 
great falls of shooting stars, as well as the phenomena of 
comets, are recorded, go back beyond the age of Tyrteeus, or 
the second Messenian war. They give a description of two 
streams in the month of March, one of which is 687 years 
anterior to the Christian era. Edward Biot has observed 
that, amongst the fifty-two phenomena which he has collected 
from the Chinese annals, those that were of most frequent 
recurrence, are recorded at periods nearly corresponding with 
the 20th and 22nd of July, o. s., and might consequently be 
identical with the stream of St. Lawrence's day, taking into 
account that it has advanced since the epochs f indicated. If 
the fall of shooting stars of the 21st of October, 1366, o. s. 
(a notice of which was foimd by the yoimger Von Boguslaw- 
ski, in Benessius de Horowic's Chrontcon EcclesitB Pratensis), 
he identical with our November phenomenon, although the 
occurrence in the fourteenth century was seen in broad day- 
light, we find by the precession in 477 years, that this system 
^f meteors, or rather its common centre of gravity, must 
describe a retrograde orbit roimd the Sun. It also follows, 

* From a letter to myself, dated Jan. 24th, 1838. The enonnous 
swarm of falling stars, in November, 1799, was almost exclusively seen 
in America, where it was witnessed from New Hermhut in Greenland, 
to the equator. The swarms of 1831 and 1832 were visible only in 
Europe, and those of 1833 and 1834 only in the United States of North 
America. 

i* Lettre de M. Edouard Biot ^ M. Qnetelet» sor les anciennes appari- 
tions d'Etoiles Filantes en Chine, in iheBvU. de VÄcad&nde deBrvaxUes, 
1843, t. X. No. 7, p. 8. On the notice from the Chronicon EcdedtB 
Pragenais, see the younger Bogoslawski in Poggend. Annalen, bd. 
SlTlU. 8. 612. 
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from the Tieivs thus developed, tliat the non-appeai'ance. 
daring certain years, in any purtion of the Earth, of the two 
fitreoms hitherto observed in November and about the time 
of St. La^rrcnce's day, must be ascribed either to an inter- 
ruption in the meteoric ring, that is to say, to intervals occur- 
ring between the asteroid groups, or, according to Poisson, 
to the action of the larger planets* on the form and position 
of this annulus. 

The solid masses which are observed by night to fall to the 
earth from fire balls, and by day generally when the sky is 
olear, from a dark small cloud, are accompanied by much 
noise, and although heated, are not in aa actual state of 
incandescence. They undeniably exhibit a great degree of 
general identity with respect to their external form, the cha- 
racter of their crust, and the chemical composition of their 
principal constituents. These characteristics of identl^ 
have been observed at all the different epochs and in the 
most various parts of the earth in which these meteoric 
stones have been found. This striking and early-observed 
analogy of physiognomy in the denser meteoric masses is, 
however, met by many exceptions regarding individual points. 
What differences, for instance, do we not find between the 
malleable masses of iron of Hradschina in the district of 
Agram, those from the shores of the Sisim in the government 
of Jeniseisk, rendered so celebrated by Pallas, or those which 
I brought from Mexicof, all of which contain 96 per cent. 

* " It appears that an apparently mexhaaatible number of boiUes, loo 
Bmall (o be obeervcd, are moving in the regiona ofapncc, cither around 
UM Son or the planeta, or perhaps evea around their satellites. It ifk 
aippaeed that when theae bodiBs come ia contact with oar atmosphere, 
the diSerence between their velocity and that of our planet is so great, 
(hat Ü10 friction which they eipericnoe from their contact with the »ir 
heata tbelu to incaudesccnre, and sometimes causes their explosion. If 
the group of falling etars form anannalus around the Sun, ita velncity 
of drenlation may he very differeiit from that of our Earth ; and the 
dUplacements it may experience in apace, in consequence of the aetlone 
ot the rarioua plancta, may render the phenomenon of ita intersecting 
the planes of the ecliptic, poaaible at some epoch», and altojjethcr im- 
poeüble at others." Foisaon, Secherchet rar la Probabiliti da Jvgt- 
maUii, p. 306, 30T. 

t Humboldt,, .^««aipolitigueaur laNota.Eapagne (2de ediL), t. iii. 

P-aio. 
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of iron, from the aerolites of Siena, in which the iron searc^j 
amounts to 2 per cent., or the earthy aerolite of Alais (in the 
Department da Gard), which broke up in water ; or lastly, 
from those of Jonzac and Juvenas, which contained no metallic 
iron, but presented a mixture of oryctognosticaUy distinct 
crystalline components! These differences have led mine- 
ralogists to separate these cosmical masses into two classes, 
namely, those containing nickelliferous meteoric iron, and 
tiiose consisting of fine or coarsely-granular meteoric dust. 
The crust or rind of aerolites is peculiarly characteristic of 
these bodies, being only a few tenths of a line in thickness, 
often glossy and pitch-like, and occasionally veined.* There 
is only one instance on record, as fiu: as I am aware (the 
aerolite of Chantonnay, in La Vendee), in which the rind was 
absent, and this meteor, like that of Juvenas, presented like- 
wise the peculiarity of having pores and vesicdar cavities. 
In all other cases the black crust is divided from the mner 
light-gray mass by as sharply-defined a line of separation as 
is the black leaden-coloured investment of the white granite 
Uocksf which I brought from the cataracts of the Ohrinoco, 
and which are also associated with many other cataracts, as, 
for instance, those of the Nile and of the Congo River. The 
greatest heat employed in our porcelain ovens would be in- 
sufficient to produce anything similar to the crust of meteoric 
stones, whose interior remains wholly unchanged. Here and 
there, &ict8 have been observed which would seem to indicate 
a fusion together ot the meteoric fragments ; but in general, 
tjbe character of the aggregate mass, the absence oi com- 
pression by the MU and the inconsiderable degree of heat 
possessed by these bodies when they reach the earth, are all 
opposed to the hypothesis of the interior being in a state of 
fosion during their short passage from the boundary of the 
atmosphere to our Eaiih. 

The chemical elements of which these meteoric masses 
consist, and on which Berzelius has thrown so much light, 
are the same as those distributed throughout the earth's 



• The peculiar colour of their cruBt was observed even as early as in 
the time of Pliny (ii. 56 and 58) : " colore adustp." The phrase ** lateribna 
ptuiaee,'^ seems also to refer to the burnt outer surfice of aerolites. 

+ Humb., Bel, Hut, t iL chap. xx. pp. 299-302. 
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cxtat, and are fifteen in number, namely, iron, nickel, cobalt, 
manganese, cliromium, copper, areeuic, zinc, potash, soda, 
sulphur, phosphorus, and carbon ; constituting altogether 
nearly one-third of all the known simple bodies. Not- 
withHtanding: this Birailority with the primary elements into 
whicb inorganic bodies arc chemically reducible, the aspect 
of aerolites, owing to the mode in which their conetituent 
parts are compounded, presents, generally, some features 
foreign to oar tcUuric rocks and minerals. The pure native 
iron, which is almost always found incorporated with aero- 
litea, imparts to tbeni a peculiar but not consequently a aeleniti 
character ; for in other regions of space, and in other coen 
mical bodies besides our Moon, vrater may be wholly absent, 
and processes of oxidation of rare oeeurrence. 

Oosraical gelatinous vesicles, similar to the organic no/loo 
(masses which have been supposed since the middle ages to 
be ooimected with shooting slat's), and those pyntes of Sterli- 
tamok, west of the TJralian Mountains, which are «aid to have 
constituted the interior of hailstones,* must both be classed 
amoi^t the mythical fiibles of meteorology. Some few aero- 
lites, as those compoeed of a finely granular tissue of olivine, 
augite and labradorite blended togethorf (as the meteoric 
stone found at Juvenas, in the Department de I'Arde ehe, wluoh 
resembled dolorite), are the only ones, tia Gustave Rose haa 
remarked, which have a more f aViilinr aspect. These bodies 

' GnstttT Bose, Seiie nath dem Ural, bd. ii. s, S02. 

+ GufltaT Rose, in Poggend. An«., 182B, bd. iv., s. 17S-]92. Ram- 
toMberg, Braitt Steppt, aum citem, Haadvjärterfradie der iünivalogit, 
I81S, H. 102. " It is," BOiys the clenr-mindod sbsener, Olbers, "a r«' 
mrluble but hilherki unregardcd Ikcl, that while BheUs tie foun4 in 
■MOIUU17 ajid terti&ry fomiations, ao/o«eil fneieoric atones bave na yet 
been diacovercd. May tro conclude trom this circumstance, Ihat pr^ 
Tions to the present and last moditiiattan of the cartb'e eurfsce no 
meteoric stones felt on it, Rlthough nt llie present time it appears pro- 
bable, from the researcbes of Bi^hreiber^ that TOO bU anDually 1" (Otber^ 
In Sobum. Jalirb., 1 888, h. 329.) Froblematiul nkkelliferous maatva at 
niüve iron have been found in Northern Asia (nt the gold-waehing 
«ati^liabment at Peliapa*lowuk, eighty taiies soutli-eut of Kuoiezk), 
Imbedded thirty-one feet in the ground 1 and mora recently, in tie 
TeitemOrpathianE (the mountain chain of Magunt, atSzlanicx), bothof 
irUdi are rcmarkaibly like meteoric atones. Compiire Ennui, AriMf 
JSt KinamliaJUichc Äande con ßufttfunrf.bd. i. s. 816, and Hiudinger, 
Bficht fiier Siirmicier SAiir/e in Ungarn. 
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contain, for instance, crystalline substances, perfecüj similar 
to those of our earth*8 crust ; and in the Siberian mass of 
meteoric iron investigated by Pallas, the olivine only di£^ 
firom comihon olivine by the absence of nickel, which is re- 
placed by oxide of tin.* As meteoric olivine, like our basalt, 
contains from 47 to 49 per cent, of magnesia, constituting, 
according to Berzelius, almost the half of the earthy com- 
ponents of meteoric stones, we cannot be surprised at the 
great quantity of silicate of magnesia found in these cosmical 
bodies. If the aerolite of Juvenas contain separable cr3rstal8 
of augite and labradorite, the numerical relation of the consti- 
tuents renders it at least probable, that the meteoric masses 
of Chateau-Renard may be a compound of diorite, consisting 
of hornblende and albite, and those of Blansko and Chanton- 
nay compounds of hornblende and labradorite. The proo6 of 
the telluric and atmospheric origin of aerolites, which it is 
attempted to base upon the oryctognostic analogies presented 
by these bodies, do not appear to me to possess any great 
weight. 

Becalling to mind the remarkable interview between New- 
ton and Conduit at Kensington,f I would ask why the ele- 
mentary substances that compose one group of cosmical bodies, 
or one planetary system, may not in a great measure be iden- 
tical ? Why should we not adopt this view, since we may 
conjecture that these planetary bodies, like all the larger or 
smaller agglomerated masses revolving roimd the sun, have 
been thrown off from the once far more expanded solar atmo- 
sphere, and been formed from vaporous rings describing their 
orbits round the central body ? We are not, it appears to 
me, more justified in applying the term telluric to the nickel 
and iron, the olivine and p3rroxene (augite), found in meteoric 
stones, than in indicating the German plants which I found 
beyond the Obi as European species of the flora of Northern 
Asia. If the elementary substances composing a group of 
cosmical bodies of different magnitudes be identical, why 

* Berzelius, Jahresber.t bd. xv. s. 217 und 231. Bammelsberg, ff<md- 
vförterb., abth. ii. s. 25-28. 

+ " Sir Isaac Newton said lie took all the planets to be composed of 
the same matter with the lilarth, viz., earth, water, and stone, but Tari- 
OQsly concocted." — Turner, CoUections for the History of OratUhoM, • 
containing authentic Memoirs qfSir Isaac Newton, p. 172. 
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should ihey not likewise, in obeying the laws of mutual at- 
traction, blend together under definite relations of mixture, 
composing the white glittering snow and ice in the polar 
jwnes of the planet Mars, or constituting in the smaller cos- 
mical masses niineml bodies enclosing crystals of olivine, au- 
gite, and labradorite ? Even in the domain of pure eonjecture 
we should not suffer oursulves to be led away by unphiloso- 
pfaical and arbitrary views devoid of the support of inductive- 
xeafoning. 

Bemarkable obscurations of the sun's disc, during which 
the stars have been seen at mid-day (as for instance in the 
obscuration of 1547, which continued for three days, and 
occurred about the time of lie eventful battle of Mühlberg), 
cannot he explained as arising &om volcanic ashes or mist«, 
and were regarded by Kepler its owing either to a materia 
eomelica, or to a black eloud tbrnied by the sooty eshnlations- 
of the solar body. ITie shorter obscurations of 1090 and 
1203, which continued the one only three and the other six 
hours, were supposed by Chladni and Sohnurrer to be occa- 
sioned by the passage of meteoric masses before the sun's 
disc. Since the period that streams of meteoric shooting 
Btors were first considered with reference to the direction of 
their orbit as a closed ring, the epochs of these mysterious 
celestial phenomena have been obser^-ed to present a remark- 
able connection with the regular recurrence of swarms of 
shooting stars. Adolph Ermnn has evinced great aeutcnes» 
of mind in his accurate investigation of the facts hitherto 
obseryed on this subject, and his researches have enabled him 
to discover the connection of the sun's conjunction with the 
August asteroids on the 7th of February, and with the No- 
vember asteroids on the 12th of May, the latter period 
corresponding with the days of St. Mamert (May 11th), St. 
Pancras (May 12th). and St, Servatins (May 13th). which, 
according to popular belief, were accounted " cold days.''* 

• Adolph Ennan, in Poggend. AnnaUa, 1839, bd. xlviii. s. 682-801. 
Biot had previously thrown doubt regarding the prolabüity of the Nt>- 
»ember streiun resppesring in tlie banning of Maj (Comptet Rendat, 
lS33,t.ii.p.6T0;. M&ller has examined tlie mean dcpreeeion of Mmpera- 
bue on lie tllrce ill-named days of Msj by Berlin observatiom for 88 
jeUB ( VerhandL de» Ferriiw air BejZrd. dex Qatiaihaiie» 1 83<, B. Zliy, 
tod found a retrogression of tempenture amounting ia 3°'S F. trom fha 
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The Greek natural philo6<^)hers, who were but Ihtle diil- 
posed to pursue observations, but evinoed inexhaustiUe ler« 
tility of imagination in giving the most various interpretatioa 
of half-peroeived facts, have, however, left some hjpotliesef 
regarding shooting stars and meteoric stones, which stHking^ 
accord with the views now ahnost universally admitted of tb» * 
cosmical process of these phenomena. '' FaUing stars," sajy 
Plutarch, in his life of Lysander,* '' are, according to the opi- 
nion of some physicists, not eruptions of the etherial fire 
extinguished in the air immediately after its igniticm, nor yet 
an inflammatory combustion of the air, which is dissolved in 
large quantities in the upper regions of space ; but these me- 
teors are rather a £äll of celestial bodies, which, in consequence 
of a certain intermission in the rotatory force, and by the 
impulse of some irregular movement, have been hurled down 
not onl^ to the inhabited portions of the Earth, but also 
beyond it into the great ocean, where we cannot find them." 
Diogenes of ApoUoniaf expresses himself still more explicitly. 
According to his views '' Stars that are invinble, and oonse- 

11th to the 13ih of May, a period at which nearly the most rapid ad- 
vance of heat takes place. It is mneh to be desired that this phenomenon 
of depressed temperature, which some have felt inclined to attribute to 
the melting of the ice in the north-east of Europe, should be also inves« 
tigated in veiy remote spots, as in America, or in the Southern Hemi- 
sphere. (Comp. Bnü. de VAcad, Imp. de St, PHersbourg, 1843, t i, 
No. 4.) 

• Plut., Vitct par. in Lysandro, cap. 22. The statement of Dama- 
dios (Dalmachos), that for 70 days continuously there was a fieiy cloud 
seen in the sky, emitting eparks like falling stars, and which then, sink- 
ing nearer to the earth, let Ml the stone of ^gos Potamos, " which, 
however, was only a small part of it," is extremely improbable, since 
the direction and velocity of the fire cloud would in that case of neces- 
sity have to remain for so many days the same as those of the earth ; 
and this in the fire ball of the 19th of July, 1686, described by Halley 
(7}ran8.f vol. xxix., p. 163) lasted only a few minutes. It is not altogether 
cert^ whether Daimadbios, the writer, inpi evtrtßeiag, was the same per* 
son as Daimachos of Plataea, who was sent by Seleucus to India to the 
son of Androcottos, and who was charged by Strabo with being ''a 
speaker of lies" (p. 70, Casaub.). From another passage of Plutai«^ 
(ßümpar. Solopia c. Cop. cap. 4) we should almost believe that he was. 
At all events we have here only the evidence of a very late author, who 
wrote a centuiy and a half after the Ml of aerolites occurred in Thraee^ 
and whose authenticity is also doubted by Plutarch. 
. t Stob., ed. Hesren» L 25, p. 508; Plut., de plac Philoi,, it 18« 
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qnently have no name, moTc in epaee together with those 
tiiot are visible. Thewe im-ieiblc «tars frequently fall to the 
earth and are estin^ished, as the atoni/ star which fell butn- 
iBg at -älgoa Potamos." The Apollonian, who held all other 
■tellor bodies when lumiDous ta be of a pumtce-like nature, 
probably gronnded his opinifms regarding shooting stncB and 
meteoric masees on the doctrine of Anasagoras the Clazome- 
nian. who regarded all the bodies in the universe "as fragments 
of rocks, which the fieiy ether in the force of its gyratory 
nu>tion had torn from the Earth and eonTerted into stars." 
In the Ionian school, therefore, according to the teetimony 
transmitted to us in the Tiews of Di^^nes of ApoUonia, aero- 
lites and Btara were ranged in one and the same class: both, 
when considered with reference to their primary origin, being 
equally telluric, this being imderKtood only so far as the earth 
was then regarded as a centra! body,* forming all things 
around it in die same manner as we, according to our present 
views, suppose the planets of our ay«tem to have originated 
in Üie expanded atmosphere of another central body — the 
Sun. These views must not, therefore, be confounded with 
«4iat is commonly termed the telluric or atnionpheric oiigia 
of meteoric stones, nor yet with the singular opinion of Aris- 
totle, which supposed the enormous moss of .lEgos Fotamos 
to have been raised by a huiTieune. That arrogant spirit 
of incredulity, which rejects tacts without attempting to in- 
»eetigflte them, is in some cases almost more injurious than 
BB unquestioning credulity. Both are alike detrimental to the 
ferce of investigation. Notwithstanding that for more than 

" The remarkable psssnge in Pint,, de plac. PMlos., li. 13, runsthos: 
"ADBingorBs tcachaH thjit the BurrouniUn^ ether is a fieiy subataoce, 
which by the power of jw rotation tear« rocbl from the earth, inäaiaes 
tbem, £iid converta Lhcm into aUrs." Applying an anujoul fabls la il- 
luatrnt« a physical dogma, the CkzomenUn appears to have aacribi^d the 
bU of the Ncmean Lion to the Feloponiieaua from the Mood to auch b 
rat&Mryor cenlrifuga! force. (.Elian., tlö. 7 ; Plut., defaäe in orbe Luna, 
C St; Sehol. ei Cod. Paris, in Apoll. Argon., lib, l p. 4Sa, ed. SuhaeC, 
lii. p. 4D; Meiaeke, Ämvü. Ala., 1848, p. 85.) Here inatead of 
itoiua from the Moon ve hiive an anmutl from tbs Moon t Acoording 
to AD acute remark of BQckh, the ancient mjiholi^j of the Nemaean 
lunar lion hiu an astronomical origin,, and Ik Bymbolicall; connected in 
Arunologj with the cycle of intercalation of the lunar year, with Ihe 
moon-woi^t at Netnioa, and the gunes by irbich it vaa nccompsaicd. , 
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two thousand years the annals of different nations had reoorded 
&lls of meteoric stones, many of which had been attested 
beyond all doubt by the evidesice of irreproachable eye-wit- 
nesseSf^-notwithstanding the important part enacted by the 
Betylia in the meteor- worship of the ancients— notwithstand- 
ing the fiict of the companions of Cortes having seen an aero- 
lite at Cholula which had ßdlen on the neighbouring pyramid, 
— notwithstanding that Caliphs and Mongolian chiefis had 
caused swords to be forged from recently fidlen meteoric 
stones, — ^nay, notwithstanding that several persons had been 
struck dead by stones filling from heaven, as for instance, a 
monk at Crema on the 4th of September, 1511, another monk 
at Milan in 1650, and two Sweetish sailors on board ship in 
1674, yet this great cosmical phenomenon remained almost 
wholly unheeded, and its intimate connection with other plane- 
tary systems imknown, imtil attention was drawn to the subject 
by Chladni, who had already gained immortal renown by his 
discovery of the sound-figures. He who is penetrate^ with a 
sense of this mysterious connection, and whose mind is open 
to deep impressions of nature, will feel himself moved by the 
deepest and most solemn emotion at the sight of every star 
that shoots across the vault of heaven, no less than at the 
glorious spectacle of meteoric swarms in the November phe- 
nomenon or on St. Lawrence's day. Here motion is suddenly 
revealed in the midst of nocturnal rest. The still radiance of 
the vault of heaven is for a moment animated with life and 
movement. In the mild radiance left on the track of the 
shooting star imagination pictures the lengthened path of the 
meteor through the vault of heaven, whilst, everywhere aroimd, 
the luminous asteroids proclaim the existence of one common 
material imiverse. 

If we compare the volume of the innermost of Saturn's satel- 
lites, or that of Ceres, with the immense volume of the Sun, 
all relations of magnitude vanish from our minds. The ex- 
tinction of suddenly resplendent stars in Cassiopea, Cygnus, 
and Serpentarius, have already led to the assimiption of other 
and non-luminous cosmical bodies. We now know that the 
meteoric asteroids, spherically agglomerated into small masses, 
revolve round the Sim, intersect like comets the orbits of the 
luminous larger planets, and become ignited either in the 
vicinity of our atmosphere or in its upper strata. 
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ITie only media by which vre ore brought in connexion with 
other phmetary bodies, and «ith all portionM of the luiiverse 
beyond oiu" atmoHpherc. are hght and heat (the latter of which 
can scarcely be separated from lie former),* and those mys- 
terious powers of attraction exercised by remote rosHses ac- 
cording to the quantity of their constituents, upon our globe, 
the ocean, and the strafa of our atmosphere. Another and 
diäerent hind of cosmical or rather material mode of contact is, 
however, opened to us, if we adroit falling stars and meteoric 
stones to bo planetary asteroids. They not only act upon us 
merely fi-om a distance by the excitement of luminous or 
oolorific vibrations, or in obedience to the laws of mutual 
attraction, but they acquire an actual material existence 
for us, reaching our atmosphere from the remoter regions of 
universal space, and remaining on the earth itself. Meteoric 
stones are the only means by which we can be brought in pos- 
sible contact with that which is foreign to our own planet. 
Accustomed to gain our knowledge of what is not telluric 
solely through measurement, ealcubtions, and the deductions 
of reaaon, we experience a sentiment of astonishment at find- 
ing that we may examine, weigh, and analyse bodies that 
appertain to the onter world. This awakens, by the power 
of the imagination, a meditatire spiritual train of thought, 
where the untutored mind perceives only scintillations of light 
in the firmament, and sees in the blackened stone that falls 
from the exploded cloud nothing beyond the rough product of 
a powerful natural force. 

Although the asteroid. swarms, on which we have been led. 
&om special predilection to dwell somewhat at length, ap- 

• The following remirtftble paasage on the mdiation of bout frora Uie 
fixed utan, and an their low combnati on and vitality — one of Kepler's 
manj aspirelioiiB — occurs io the PaTalipom. in Vitdl. Astroit. par» 
Optira, 1604, Propoa. xixii., p, 25 ; " Lacia proprium eat «ilor, Bjdera 
omoiB calefaciunt. De sydeniia luce olarilatis ratio teetatur. calorem 
QniTeisarum in minorl ettse propurtiane ad calorcm uniua ulis, quam ut 
ab bomine, cujus oat ccrta caloria mcaBora, utarquo simul pcrcipi et JD- 
dieuii pofitsit. De clnciDdulanim tucala tenuusima negaic non petes, quia, 
cam caloro ait. Vinint enim et moventur, boc aulem non aioe calefac- 
tione perficitur. Sic neque patresceatiuia ll^orum lui sua caloia 
desUtuilur ; nnm ipia puctredo qnidam lentus ignis eat. Ineal ot atir- 
piboB sous calor." (Compare Kepler, Epil. Aatrtm. Copemitana, ISl^ 
wmb.i. p. 35,) 
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proximate to a certain degree, in their xnoonsiderable mass 
and the diversity of their orbits, to comets, thej present tins 
essential difference from the latter bodies, Üiat our knowled^ 
of their existence is almost entirely limited to the moment of 
their destruction, that is, to the period when drawn withim 
the sphere of the earth's attraction, they become luminoiis 
and ignite. 

In order to complete onr yiew of all that we haye leamt to 
eonsider as appertaining to our solar system, which now, sinee 
the discovery of the small planets, of the interior comets of 
short revolutions, and of the meteoric asteroids, is so rich and 
complicated in its form, it remains for us to speak of the ring 
of Zodiacal Light, to which we have already alluded. TbcMe 
who have lived for many years in the zone of palms must retain 
a pleasing impression of the mud radiance with which ^ 
zodiacal light, shooting pyramidally upwards^ illumines a part 
of the uniform length of tropical nights. I have seen it shine 
with an intensity of Hght equal to the Milky Way in Sagk- 
tarius, and that not only in the rare and diy atmosphere of 
the summits of the Andes at an elevation of from thirteen 
to fifteen thousand feet, but even on the bovindless grassy 
plains, the Llanos of Venezuela, and on the 8ea-sh<n*e, b^ 
neath the ever clear sky of Onmana. This phenomenon was 
often rendered especially beautiful by the passage of Hg^ 
fleecy clouds, which stood out in picturesque and bold rdlief 
from the luminous background. A notice <^ this aerial spec- 
tacle is contained in a passage in my journal, while I was on 
the voyage from Lima to ate western coasts of Mexico:-— 
" For three or four nights (between 10* and 14® N. la*.) 0» 
zodiacal light has appeared in greater splendour than I have 
«yer observed it. T^e transparency of the atmosphere must 
be remarkably great in this part of the Southern Ocean, to 
judge by the radiance of the stars and nebulous spots. 
From the 14th to the 19th of March a regular intervals of 
three-quarters of an hour occurred between the disappearance 
of the sun's disc in tlie ocean and the first manifestation of 
the zodiacal Hght, although the night was already perfectly 
datk. An hour after sunset it was seen in great briUian«^ 
between Aldebaran and the Pleiades; and on the 18th ^ 
March it attained an altitude of 39° 5'. Narrow elongated 
clouds are scattered over the beautiful deep azure of the dii- 
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reflecting the most brightly variegated colours. It seema a 
Becoad sunset. On this side of the vault of heaven the ligbt- 
nesB of the night appears to increase almost as much as at tlie 
first quarter of the moon. Towards 10 o'clock the zodiacal 
li^t geneniUy becomes very faint in this part of the Southern 
Ocean, and at midnight I have scarcely been able to trac« a 
vestige of it. On the 16th of March, when most strongly 
luminous, a faint reflection was visible in the east." In our 
gloMny so-called "temperate" Northern zone, the zodiacal 
light is only distinctly visible in the beginning of Spring, after 
tbe evening twdight, in the western part of the sky, and at 
the close of Autumn, before the dawn of day, above the east- 
em horizon. 

It is difiicult to imderstand how so striking a natural pheno- 
menon ghould have foiled to attract the attention of physicists 
and astronomers, until tbc middle of the seventeenth century, 
or how it could have escaped the observation of the Arabian 
natnral philosophers, in ancient Bactria, on the EnphraieB, 
and in the south of Spain. Almost equal Eurprise is excited 
by the tardiness of observation of the nebulous spots in An- 
dromeda and Orion, first described by Simon Marius and 
Huygens. The earliest exphcit description of the zodiacal 
y^t occurs in Chüdrey's Britannia BaconiiM.* in the year 

" " There is another thing:, wliioh I recommend to the ohserration of 
■MÜiematicBl men : which is, Üiat in February, and for a little before, 
ukd a tittle after that month (as I have observed aereral years to- 
gether), about BIX in the cveoisg, when tlie tvilight hath idmoet 
dcMrt«d the horiKin, jon shall see a plainly diseomiUo way rf tie 
twiligilit striking up towards the Pleiades, and seeming almoxt to toneh 
tkem. It is BO observed any clear night, but it is beet iliac nocte. 
lettre is DO sneb way to be observed at any other time of the year 
tthat I can perceive), nor any other way at that time to be perceivod 
Mrtlng np elsewhere. And I believe it hath been, und will be coo- 
■Imtly risible at that time of the year. Bnt what the cause of it In 
Mtmre should he, I cannot jet imagine, bnt leave it to fntare enquiry." 
(räiUdrey, Britannia Baamica.l^i'i, V- 1830 This is the first view and 
a dmple description of the phenomenon. (Cassini, Dfanivirie de la Lu- 
mUre eSfiif Qui paroit dans le Zodia<iiie,iD the Jfftfi. del'Äcad.,t. viii. 
1780, p. 278. Mairan, Trails Phys. de VAvtote BarSate, 1764, p. 18.) 
In tills remarkable work by Childrey there are to be Found (p. 91) 
Ttaj dear accounti of the epochs of maxima and tnluima diunml ud 
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1661. The first observation of the phenomenon may have 
been made two or three years prior to this period ; but not-> 
withstanding, the merit of having (in the spring of 1683) be«n 
the first to investigate the phenomenon in all its relations iai 
space, is incontestably due to Doniinicus Cassini. The light 
which he saw at Bologna in 1668, and which was observed at 
the same time in Persia by the celebrated traveller Chardin, 
(the court astrologers of Ispahan called this light, which had 
never before been observed, nyzeky a small lance), was not the 
zodiacal light, as has often been asserted*, but the enormous 

annual temperatures, and of the retardation of the extremes of the effects 
in meteorological processes. It is, however, to be regretted that our 
Baconian-philosophy-loYing author, who was Lord Henry Somerset's 
chaplain, fell into the same error as Bemardin de St. Pierre, anüd re- 
garded ^e Earth as elongated at the poles (see p. 148). At tiie first, 
he believes that the Earth was sphericiä, but supposes that the uninter- 
rupted and increasing addition of layers of ice at both poles has changed 
its figure ; and that, as the ice is formed from water, the quantity of 
that liquid is everywhere diminishing. 

* Dominicus Cassini (M(m. de FAcad., t viiL 1730, p. 188), and 
Mairan {Aurore Bor., p. 16), have even maintained that the phenome- 
non observed in Persia, in 1668, was the zodiacal light. Delambre 
(Hist, de VAatTon. Moderne, t ii. p. 742), in very decided terms, 
ascribes the discovery of this light to the celebrated traveller, Chardin; 
but in the Couronnement dc Soliman, and in several passages of the 
narrative of his travels (6d. de Langl^, i. iv. p. 826 ; t. x. p. 97), he only 
applies the term niazouk (nyzek) or " petite lance," to " the great and 
fiimous comet which appeared over nearly the whole world in 1668, and 
whose head was so hidden in the west that it could not be perceived in 
the horizon of Ispahan" {AÜas du Voyage de Chardin, Tab. iv. ; from 
the observations at Schiraz). The head or nucleus of the comet was, 
however, visible in the Brazils and in India (Pingr^, ComMogr., t. ii. 

$. 22). Eegarding the conjectured identity of the last great comet of 
[arch, 1843, with this, which Cassini mistook for the zodiacal lights see 
Schum., Astr. Nachr., 1843, No. 476 and 480. In Persian, the term 
''ntzehi &teschln" (fiery spears or lances), is also applied to the rays of 
the rising or setting sun, in the same way as " najizik," according to 
Treytag^s Arabic Lexicon, signifies '' stellae cadentes." The comparison 
of comets to lances and swords was, however, in the middle ages very 
common in all languages. The great comet of 1500, which was visible 
from April to June, was always termed by the Italian writers of that 
iime, il Signor Astone (see my Examen Critique de VHiat. de la Geo- 
graphie, t. V. p. 80). All the hypotheses that have been advanced to 
show that Descartes (Cassini, p. 230 ; Mairan, p. 16), and even Kepler 
(Delambre, t. i. p. 601), were acquainted with the zodiacal light, appear 
to me altogether untenable. Descartes (Prindpes, ili. art 136, IST), 



tail of a comet, whose head wns concealed ia the vapoury 
mist of the horizon, and which, from its length and appear- 
ance, presented much similarity to the great comet of 1843. 
We may conjecture, with much probahility, that the remark- 
able light on the elevated plains of Mejtico, seen for forty 
nights consecutively in 1509, and observed in the eastern 
horizon rising pyramidally from the earth, was the zodiacal 
light. I found a notice of this phenomenon in an ancient 
Aztec MS,, the Codex TellerianoSemensis,* preserved in the 
SotaI Libraiy at Paris. 

This phenomenon, whose primordial antiquity can scarcely 
be doubted, and which was first noticed in Europe by Childrey 
and Dominicus Cassini, is not the luminous solar atmosphere 
itself, since this cannot, in accordance with mechanical laws, be 
more compressed than in the relation of 2 to 3, and consequently 
cannot be difiiised beyond -^ths of Mercury's heliocentric 
distance. These same laws teach us tliat the altitude of the 
extreme boundaries of the atniosphere of a cosmical body 
above its equator, that is to say, the point at which gravity 
and centrifugal force arc in equilibrium, must bo the same as 
the altitude at which a satellite would rotate round the ccn- 

ia very oliscure in his remarks on camcts, obaerving Ibat their t^le are 
fonnod "by oblique raje which, falling on different parta of the pianet- 
uj orbs, striltB the eje laterally by eitraordinaiy refraction," imd Hat 
tioymight he seen morning and evening, "like a long beam," nihcn the 
nm ii between the comet and the earth. This passage no more refera 
to Ü1C zodiacal light than those in which Kepler (Spit. Aatroa. Coper- 
nicaiiie, t. i. p. 67, and t ii. p. 893) apeaks of the existence of a solar 
atmosphere (limbns circa solem, coma lucida), which, in ecUpses of the 
Bun, preventa it "from being qnite night;" and even more uncertain, 
or indeed erroneous is the asaumptioa tbat the "trahes qua« Imois 
vocanl," (Plin., ii. 2ä and 27), had reference to the iongne-shaped rising 
sodiacal light, as Cassini (p. S31, art. xixi.) and Mairan (p. 15) luve 
oudntdned. Everywhere amoQgeC the ancients, the trabes are asso- 
ciated with the bolides (ardores et faces), and olher fiery meteors, and 
even with long-barbed comets, (Regarding ^oiir, lociai, foririn, »ee 
Sohafer, SchU. Par. ad Apoll. Rhod., 1813, t ii. p. 206; "Pseudo- 
Aristot, rfe Mundo, 2, B ; Oom-ment. A lex. Joli. Philop. d Olymp, in 
ArisloL Meleor. lib. i., cap. vii. 3, p. 1S6, Ideler; Seneca, Nat. QiuxH., 
LI.) 

• Hninholdt, JMoBumm« da Pevplet ladigmes de I'Amii , . 
p. 301. The rare manuBcript which hcloneed to the Archbishop of 
Bbdms, Le Teilier, contains variona kinds of eitracta from an Altec ritual, 
an ütiological calendar, and hiiCorical annaU, extending from 1197 to 
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tral body simultaneonsly with the diurnal- reyolution of the 
latter.* This limitation of the solar atmosphere in its present 
concentrated condition is especially remarkable when we com- 
pare the central body of our system with Üie nndiens of otiier 
nebulous stars. Herschel has discovered several, in which Ife 
radhis of the nebulous matter surrounding the star appeaiecl 
at an angle of IdO"". Oh the assumption that the pandlax is 
not fiilly equal to 1', we find that the outermost nebidsM» 
layer of such a star must be 150- times farther from, the een^ 
tral body than our Earth is from the Sun. If, therefore, tbe 
nebulous star were to occupy the place of our Sun-, its atmos- 
phere would not only include the orbit d Uranus, bat even 
extend eight times beyond it.f 

Considering the narrow limitation of the sun'» atmosp&eve, 
-wldch we have just described, we may with much parobabäiCy 
regard the existence of a very compressed annulus of neboloiis 
matter,^ revolving freely in space between the orbits of Venns 

1549, and embracmgf a notice of different natural phenomena, epochs of 
earthquakes and comets (as, for instance, those of 1490 and 1529), and of 
(which are important in relation to Mexican chronology,) solar eclipses. 
In Camargo's manuscript Historia de Tlascäkt, the light rising in the 
«ait almost to the zenith is, singularly enough, described as ** sparklingi 
and as if sown with stars.'' The description of this phenomraion, which 
kated forty days, cannot in any way apply to volcanic eruptions of Popo- 
catepetl, which lies very near, in the souäi-eastem direction. (Prescott, 
HiaUny of the Conquett (^MexieOf vol. i. p. 284.) Later commentators 
have confounded this phenomenon, which Montezuma regarded as a warn« 
ing of his misfortunes, with the *' estrella que humeava" (literally, wUek 
ffunng forth ; Mexican ehoha^ to leap or spring fortt^. With respect to 
the connexion of this vapour with the star Ciüal Choloha (Venns) and 
with *' the mountain of the star" (Citlaltepetl, the volcano of Orizaba), see 
my MonumetUy t. ii. p. 303. 

* Laplace, Eocpo; du Syst, du Monday p. 270 ; M^cani^ia CitesU^ 
t» ii. pp. 169 and 171 ; Schubert, Aatr,, bd. iii. §. 206. 

t Arago, in the AnmuAre, 1842, p. 408. Compare Sir John Her« 
lehel's considerations on the volume and faintness of light of planetatj; 
]iebiileB,'in Mary Somerville's Connanon of the Physical Sdenees^ 183^, 
p. 108. The opinion that the Sun is a nebulous star, whose atmosphere 
presents the phenomenon of zodiacal Bght, did not originate witii Domav 
icus Cassini, but was first promulgated by Mairan in 1730 {TVaiti da 
PAurore Bor,, p. 47 and 263 ; Arago, in the Anmuure^ 1842, p. 412)V 
It is a renewal of Kq>ler'8 viewsw 

X Dominicus Cassini was the first to assume, as did sabsequent^ 
J^place, Schubert, and Poisson, the hypothesia of a separate ring to 
expuin the (onä of the zodiacal light« He says distinctly, " If tibe orbfti 
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aud Mars, as the material cause of the zodiacal liglit. As yet 
we certainly know notiiing definite regarding its actual ma.. 
terial dimensiona ; its augmentution* by emanations from 
the tails of myriada of comets that come within the Sua's 
vicinity; the eiugular change affecting its expansion, since it 
aomctimea does nut appear to extend beyond our Earth's orbit; 
Off, lastly, regarding its conjectural intimate connection with 
the more condensed cosmical vapour in the vicinity of the Sun. 
The nebulous particles composing this ring, and revolving 
round the Sun in accordance with planetary laws, may either 
be self-luminousor receive light from that luminary. Even in 
the case of a terrestrial mist (and tliis&ct is very remarkable), 
whicb. occurred at the time of the new moon at midnight, in. 
1743, the phosphoreaoence was so intense that objects could 
be distinctly recognized at a distojice of more than 600 feet. 

I have occasionally been astonished, in the tropical climates 
of South America, to observe the variable intensity of the 
KodiacfJ light. As I passed the nights, during manymonths, 
in the open air, on the shores of rivers and on llanos, I enjoyed 
Siaple opportunitieB of carefully examining this phenomenon. 
When the zodiacal ligiit hod been most intense, I have ob- 
served that it would be perceptibly weakened for a few 
minutes, until it again suddenly sbone forth in Ml bril- 
liancy. In some &w instances I have thought that I could 
perceive — ^not exactly a reddish coloration, nor the lower 
portion darkened in an arc-like form, nor even a scintillation, 
H8 Mairan affirms he has observed — but a kind of flickering 

of Mercury sod Venus were Tiaible (lliroughout Iheir wIioIb eitent), 
we thoulil imoriably observe Ihem with the same figure and in the 
aome poeitioii rith regard to the Sun, and at tlie Eame time of Ihe year. 
with the zodiacal light." {Mim. de CAcad., t. vüL 1730, p. 21B, and 
Blot, in the Complea Sendus, 1S3B, t. iii. p. 666.) Cmsiui belined that 
tfac nebuloua ring of lodiacal light consisted of ianomerable small planet- 
ary bodies, revolting round the Sun. He even went eo far as to believe 
that the fall of fire ball» might be connected with the passaga of the Earth 
tiuDUgh Che zodiacal nabukius ring. Olmsted, and eapscially Bint (op. 
at., -p. (173), haVB attempted to establiBh ito conneiion with the Novenj. 
ber phenomenon— a connexion which Olbers doubts. (Schum. /nAri.f 
1937, a. 2ai.) Regarding the qaeätiou whether the place of the zodiacU 
light perfectly coincides with that of the Slio's ^[[iiator, see Iluuiean in 
Scham. A/ilr. Nachr., 1843, Nr. 492, s. 190. 
* Sr John Herscbel, Ailrrm., S 48 7. 
k2 
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and wayering of the light. Must we suppose that changes 
are actually in progress in the nebulous ring ? or is it not 
more probable, tiiat although I could not, hj my meteorolo- 
gical instruments, detect any change of heat or moisture near 
the ground, and small stars of the fifth and sixth magnitudes 
appeared to shine with equally undiminished intensity of 
light, processes of condensation may be going on in the 
uppermost strata of the air, by means of which the trans- 
parency, or rather the reflection of light, may be modified in 
some peculiar and imknown manner ? An assumption of the 
existence g£ such meteorological causes on the confines of our 
atmosphere, is strengthened by the '' sudden flash and pulsa- 
tion of light," which, according to the acute observations of 
Olbers, vibrated for several seconds through the tail of a 
comet, which appeared during the continuance of the pulsa- 
tions of light to be lengthened by several degrees, and then 
again contracted. As, however, the separate particles of a 
comet's tail, measuring millions of miles, are very imequally 

* Arago, in the Annuairey 1832, p. 246. Several physical facts appear 
to indicate that, in a mechanical separation of matter into its smallest 
particles, if the mass be very small in relation to the surface, the electrical 
tension may increase sufficiently for the production of light and heat. Ex- 
periments with a large concave mirror, have not hitherto given any positive 
evidence of the presence of radiant heat in the zodiacal light. (Lettre 
de M. Matthiessen k M. Arago, in the Comptes Rendutf t. xvi. 1843^ 
Avril, p. 687.) 

t ** What you tell me of the changes of light in the zodiacal light, and 
of the causes to which you ascribe such changes within the tropics, is of 
the greater interest to me, since I have been for a long time past particu- 
larly attentive, every spring, to this phenomenon in our northern latitudes. 
I, too, have always believed that the zodiacal light rotated ; but I assumed, 
(contrary to Poisson's opinion, which you have communicated to me,) that 
it completely extended to the Sun, with considerably augmenting bright- 
ness. The light circle which, in total solar eclipses, is seen surrounding 
the darkened Sun, I have regarded as the brightest portion of the zodiacal 
light. I have convinced myself that this light is very different in different 
yeara, often for several successive years being very bright and difiused, 
whilst in other years it is scarcely perceptible. I think that I find the 
first trace of an allusion to the zodiacal light in a letter firom Rothmann to 
lycho, in which he mentions that, in spring he has observed the twilight 
did not close until the sun was 24** below the horizon. Rothmann must 
certainly have confounded the disappearance of the setting zodiacal light 
in the vapours of the western horizon, with the actual cessation of twilight. 
I have failed to observe the j)ulsationB of the light, probably on account 
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diatftut from the earth, it is not possible, according to the laws 
of the velocity and transmission, of light, that we should be 
able, in so short a period of time, to perceive any actual 
changes in a cosuücol body of such vast extent. These con- 
siderations in no way exclude the reality of the changes that 
have been observed in tJie emanations from the more con- 
densed envelopea around the nucleus of a comet, nor that of 
the Eudden irradiation of the zodiacal Light from internal mo- 
lecular motion, nor of the increased or diminished reflection of 
light in the coamical vapour of the luminous ring; but should 
aimply be the means of drawing our attention to Üie differences 
eiiating between that which appertains to the air of heaven 
(the realms of universal space), and that which belongs to the 
stxuta of our terrestrial atmosphere. It is not possible, as 
well-attested fiicta prove, perfectly to explain the operations 
at work in the much- contested upper boundaries of our at- 
mosphere. The extraordinary lightness of whole nights in 
the year 1831. during which small print might be road at 
midnight in the latitudes of Italy and the North of Germany, 

of the feintneSB with which it appears in these countrieB. You are, how- 
STBr, cerCaintf right in ascribing those rapid iBriations in the light of the 
ikuveoly bodies, which you have perceived in tropical climatea, to our 
own atmoBphere, and especiallyto its higher regions. Tliis ia most atrik- 
ingly seen in the Udls of large comets. We often observe, eapeciaUy in the 
clearest neather. that these tails eibibit pulsations, conimencing from the 
bead, as being the lowest part, and vibrating in one or two seconds through 
the entire tail, which thns appear? rapidly to become some degrees longer, 
bat^ainaa rapidly contracts. That these nndulstioni, wbicb were formerly- 
noticed with attention by Robert Uooke, and in more recent times by 
Schröter and Chladni, do not actuaUji occur in the laiU of iht comeU, 
but are prodnced by our atmosphere, is obvious when we recollect th»t 
thu individual parts of those tails (which are many millions of miles in 
length), lie at vny different diitartceg from Da, and that Che light IrODt 
their extreme points can only reach as at intervals of time which difl^c 
■everai minutes from one another. Whether what ;au saw on the Orinoco, 
Dot at Intervall of seconds but of minatcs, were actual coniacalions of the 
lO^csl light, or whether they belonged ejiduaively to the upper strata of 
onr atmoaphere, I will not attempt to decide. Neither can I explain the 
remarkable lig/ilnegi of whole nij^A/« , nor the anomalons augmentation and 
prolongation of the twilight in the year 1831, partieularly if, as has been 
remarked, the lightest part of these singular twilights did not coincide -"^ 
the Sun's place below the horiion." (From a letter written by Dr. "' 
to myself, and dated Bremen, March 26th. 1833.) 
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is a &ct directly art Taariance with all that we know, according 
to the most recent and acute researches on the crepuscular 
läieory, and of the height of the atmosphere.* The phenomena 
of light depend upon conditions still less imderstood, and thexr 
^variability at twilight, as well as in the zodiacal light, excite 
our astonishment. 

We have hitherto considered that which lielongs to our solar 
system — ^that world of material forms governed by the Sun— > 
which includes the primary and secondaiy planets, comets of 
short and long periodstof revolution, meteoric asteroids, which 
move thronged together in streams, either sporadically or in 
elosed rings, and finally a luminous nebidous ring, that revolves 
Yonnd the Sun in Ihe vicinity of ihe Earth, and for Wliich, 
owing to its position, we may retain lihe name of zodiacal 
Ught. Everywhere the law of periodicity govemsthe motions 
of 'these bodies, howc^or different may be the amoimt of tan- 
gential velocity,' or the quantity of their agglomerated materisd 
parts ; the meteoric asteroids which enter our atmosphere ^frmn 
the external regions of univeiBal space, are alone arrested in 
the course of their planetary revolution, and retained within the 
sphere of a larger planet. In the solar system, whose bound- 
aries determine the attractive force of the central body, comets 
are made to revolve in their elliptical orbits at a distance 44 
times greater than that of Uranus ; nay, in those comets 
whose nucleus appears to us, from its inconsiderable mass, like 
a mere passing cosmical Cloud, the Sun exercises its attractive 
force on the outermost parts of the emanations radiating from 
ihe tail over a qpace of <many millions of mues. Central 
forces, therefore, at once constitute and maintain the system. 

Our Sun may be considered as at rest when compared to aB 
the large and small, dense and almost vaporous cosmical bodies, 
that appertain to and revolve around it ; but it actually rotates 
round the common centre of gravity of the whole system, 
which occasionally £edls within itself, that is to say, remains 
•within the material circumference of the "Sun, whatever 
changes may be assimied by the positions of the planets. A 
very different phenomenon is that presented by the translatoiy 
motion of the Sun, that k, the prc^essive motion of the centre 

'* Biot, Traits d*Aitron. PhyHque^ 3^me ^d., 1841, t. i. pp. 171,. 
""'^. and 312. 
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of gravity of the whole solar system in universal space. Its 
'velooity is such* that, -according to Bessel, the relative motion 
of ikke Sun, and that of 61 Cygni, is not less in one day thaiii 
.3,836,000 geographical miles. This ohaoge of the entire 
.solar system would remain imknown to us, if the admirahle 
exactness of our astronomical instruments of measiu^ment, 
.and -the advancement recently made in .the art of observing, 
did not cause our advance towards remote stars to be per- 
ceptible, like an approximation to the objects of a distant 
-fihoee in apparent motion. The proper motion of the star 61 
<>ygni, for.instance, is so considerable, that it has amounted to 
ja whole degree in the. course of 700 years. 

The amount or quantity of these alterations in the fixed 
stars (that is to say, the changes in the relative position of 
self-luminous' stars .towards each other), can be determined 
with a greater degree of certainty than we are able to attach 
to the genetic explanation of the phenomenon. After taking 
into consideration what is due to the precession of the equi- 
noxes, and the nutation of the earth's. axis produced by the 
action of the Sun and Moon on the spheroidal figure of our 
globe, and what may be ascribed to the transmission of light, 
ithat is to say, to its aberration, and to the parallax formed by 
the diametrically opposite position of the Earth in its course 
Tound the Sun, we stiU find that there is a residual portion of 
the annual motion of the jfixed -stars due to the translation of 
the whole solar system in universal space, and to the true 
proper motion of ihe «tars. The difficidt problem of numeri- 
cally separating thesetwo elements, the true and the apparent 
motion, has been »effected by the careful study of the direction 
of the motion of certain individual stars, and by the consider- 
ation of the £Eict that, if ; all the stars were in a -state of absolute 
-rest, they would appear perspectively to recede firom the point 
in space towards which the Sun was directing its course. 
'But the ultimate result of this investigrtion, confirmed by the 
calculus of probahilities, is that our solar system and the stars 
.both change their places in -space. According to the admir- 

♦ Bessel, in Schum. Jahrb.ßir 1839, s. 51 ; probably four millions of 
vinfles daily, in & relative velocity of at the least 3,336,000 miles, or more 
than double the velocity of revolution of the Earth in her orbit roua^ 
the Sun« 
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able researches of Ai^knder, at Abo, who has extendod and 
more perfectly developed the work begun by William Herschd 
and Prevost, the Smi moves in the Section of the consteUiu 
tion Hercules, and probably, from the combination of the 
observations made of 537 stars, towards a point lying (at tha 
equinox of 17925) at 257* 49', 7 R.A., and 28^ 49'-7N.D. 
It is extremely difficult, in investigations of this nature, to 
separate the absolute from the relative motion, and to deter- 
mine what is alone owing to the solar system. 

If we consider the proper, and not the perspective motions 
of the stars, we shall find many that appear to be distributed 
in groups, having an opposite direction ; and fiicts hitherto 
observed, do not at any rate render it a necessary assumption, 
that all parts of our starry stratum, or the whole of the stellar 
islands filling space, shoidd move roimd one large unknown» 
luminous or non-limiinous central body. The tendency of the 
himian mind to investigate ultimate and highest causes^ cer* 
tainly inclines the intellectual activity, no less than the imagi- 
nation of mankind, to adopt such an hypothesis. Even Üie 
Stag3rrite proclaimed that *' everything which is moved must 
be referable to a motor, and that there woidd be no end to 
the concatenation of causes, if there were not one primordial 
immoveable motor."* 

The manifold translatory changes of the stars, not those 
produced by the parallaxes at which they are seen from the 
changing position of the spectator, but the true changes 
constanüy going on in the regions of space, afford us incon- 
trovertible evidence of the dominion of the laws o/ attreictum, 
in the remotest regions of space, beyond the limits of our 

* Regarding the motion of the solar system, according to Bradley, 
Tobias Mayer, Lambert, Lalande, and William Herschel, see Arago, in the 
Atmuaire, 1842, pp. 388-399 ; Argelander, in Schum. Attron, Naekr,^ 
I^r. 363, 364, 398, and in the treatise Von der eigenen Bewegung det 
Sonnensystems (On the proper motion of the Solar System), 1837, s. 43, 
respecting Perseus as the central body of the whole stellar stratum ; like- 
wbe, Otho Struve, in the Bull de VAcad. de St, Petersb., 1842, t. x. 
No. 9, pp. 137-139. The last-named astronomer has found, by a more 
recent combination, 261* 23' R. A. -f 37° 36' Decl. for the direction of 
the Sun's motion, and taking the mean of his own results with that of 
Argelander, we haye, by a combination of 797 stars, the formula, 259* 9' 
R.A. H- 34° 36' Decl. 

t Aristot., de Ccelo, iii. 2, p. 301, Bekker; Pnys,, viiL 5, p. 256. 
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solw System. The existence of these laws is revealed to us 
by many phenomena, as fbr instnnce by tJie motion of double 
stars, and by the amount of retarded or aceeleratcd motion in 
different piirts of their elliptic orbits. Human inquiry need 
no longer pursue this subject in the domain of vague con- 
jecture, or amid the imdetined analogies of the ideal 'world ; 
for even here the progress made in the method of astronomical 
obseirations and calculations bas enabled astronomy to take 
up its position on a firm basis. It is not only the discovery 
of the astounding numbers of double and multiple stars re- 
volving round a centre of gravity lying without their system, 
(2800 such systems ha^'ing been discovered up to 1837) but 
rather the extension of our kno-wledge regarding the funda- 
mental forces of the whole material world, and the proofs we 
have obtained of the universal empire of the laws of attraction, 
that mu-st be ranked among the most brilliant discoveries of 
the age. The periods of i-evolution of coloured stars present 
the greatest differences ; thus, in some instances, the period 
extends to 43 years, as in >) of Corona, and in others to several 
thousands, as in 66 of Cetus, 38 of Gemini, and 100 of Pisces. 
Bince Hei'schel's measurements in 1783, the satellite of the 
nearest star in the triple system of f of Cancer has completed 
more than one entire revolution. By a skitfid combination of 
the altered distances and angles of position,* the elements of 
these orbits may be found, conclusions drawn regarding the 
absolute distance of the double stars from the Earth, and 
comparisons made between their mass and that of the Sun. 
Whether, however, here and in our solar system, quantity of 
matter is the only standard of the amount of attractive force, 
or whether specific forces of attraction proportionate to the 
mass, may not at the same time -come into operation, as Bessol 
was the first to conjecture, are questions whose practical solu- 
tion must be left to future ages.f When we compare om: 

• Savary.in theOinMoiMinicerfEJ 7"eBi*,1830,pp.56andl63. Encke, 
Btrt. Jahrb., 1832, i. 253. SlC. Amgo, in Uie Aimuaire, 1834, pp. 
260, 29a. John HcHChel. io tha Memoir» o/tht Astronom. Soc, vol. t, 
p. 171. 

+ Bcsset, l/nlereuc/tting da TAeilt der planelariic/itn Störungen, 
«ftlehe am der BeiPec/vtig der Sonne enlstelim, (An Investigation of the 
portion of the Planetary Diaturbaneea depending on ihe motion of the 
Snn) in AAh. der Berl. Aiad. der Wieieaich, 1824 (Mitbem. Cla^e^, 
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Sun with the other fixed fitars — that is, with other Beif-hmi- 
nous Suns in the lentioular stany stratum of whioh our sys- 
tem forms a .part, we find, at least in the case of some, 4hat 
channels are opened to us, which may lead, ,at «U^evenAs, :te 
an approximate and limited knowledge of their relative -dis- 
tances, volumes, and masses, and of the vdooities of 'ihttr 
iranslatory motion. If we assume the distance of XJjranus 
firom the Sun to be 19 times that of the Earth, that is to-flsy, 
19 times as great as that of the Sun firom the Earth, the cen- 
tral body of our planetary system will be 11,900 times Ihe 
distance of Uranus from the star a in the constellaticm Cqzl- 
taur, almost 31,300 from 61 Cygni, and 41,600 from Ve^in 
the constellation Lyra. The comparison of the volume of 
the Sun with that of the fixed stars of the first magnitude is 
dependent upon the apparent diameter of the latter bodies«-— 
an extremely uncertain optical element. If even we assume, 
with Herschel, that the apparent diameter of Arcturus is caaiky 
a tenth part of a second, it still follows that the true-dLameter 
of this star is 11 times greater than that of the Sun.* The 
distance of the star 61 Cygni, made known l)y Bessel, has 
led approximately to a knowledge of the quantity of mat- 
ter contained in this body as a double star. Notwithstanding 
that since Bradley's observations, the portion of the apparent 
•orbit traversed by this star, is not sufficiently great to admit 
of our arriving wüh perfect exactness at the true orbit and the 
major axis of this star, it has been conjectured with much pro- 
bability by the great Königsberg astronomer,']' '^ that the mass 
of this double star cannot be very considerably larger or 
smaller than half of the mass of the Sun." This result is from 
actual measurement. The analogies deduced from the rela- 
tively larger mass of those planets in our solar system that 
are attended by satellites, and from the £äct that Struve has 
discovered six times more double stars amongst the brighter 

8. 2-6. Thje question has been raised by John Tobias Mayer, in Com- 
went. Soc. Reff, Götting., 1804-1808, vol. xvi. pp. 31^8. 

* Philos, Trans, for 1803, p. 225. Arago, in the Annuaire, 18i42, p. 
375. In order to obtain a clearer idea of the distances ascribed in a 
rather earlier part of the text to the fixed stars, let us assume that the 
'Earth is a distance of one foot from the Sun ; Uranus is then 19 feet, and 
"Vega Lyree is 156 geographical miles from it. 

t Bessel, in Scham. Jahrb., 1839, s. 53. 
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Una amongst the teLesoopic fixed stan, bare led otiier astro- 
iiomers to oonjeotiue, tbuBt the aTenige mass of the larger 
mnnber of the binary stan exceeds ^ mass of the Sim.* 
We axe, however, &r from having arrived at general results 
xegarding this sobject. Our Sun, -according to Argelander, 
hdongs, with refierenoe to propermotion in space, to the class 
of nqiidly moving fixed stars. 

The aspect of the «tarry heavens, the relative position of 
Stars and nebuke, the ^dismbutian of their luminous masses, 
the picturesque beauty, if I may so express myself^ of the 
whole firmament, depend in the course of ages conjointly upon 
the prosper motion of the stars and nebulsB, the translation of 
4iiir solar system in space, the appearance of new stars, and 
the disa{^iearanoe or sudden diminution in the intensity of 
the Ug^t of others, :and, lastly and specially, on the changes 
idiioh the £arih's axis ^qperienees from the attraction of the 
Son and Moon. The beautiful stars in the consteUation of 
.the Centaur and Üie Southern Cross, will at some friture time 
.be visible in our northern latitudes, whüst other stars, as 
Binus and the stars in the Belt of Orion, will in their turn 
disappear below the horizon. The places of the North 
Pde will -successively be indicated by the stars ß and a 
Oephei, and dCygni, imtil after a period of 12,000 years, 
Yega in Lyra wul shine forth as the brightest of all possible 
pole stars. These data give us some idea of the extent of the 
motions which, divided into infinitely small portions of time, 
proceed without intermission in the great chronometer of the 
universe. If for a moment we coiüd yield to the power of 
fimoy, and imagine the acuteness of our visual organs to be 
made equal with the extremest bounds of telescopic vision, and 
bring together that which is now divided by long periods of 
time, the apparent rest that ceigns in space woiild suddenly 
'disappear. We should see the countless host of fixed stars 
movmg in thronged groups in different directions ; ucbukB 
wandering through space, and becoming condenised and dis- 
solved like cosmical clouds ; the veil of the Milky Way sepa- 
rated and broken up in many parts, and mo^bn^ ruling supremo 
in every portion of the vault of heaven, even as on the Earth*s 
gucface, where we see it imfolded in the germ, the leaf, and 

* Mädler, Astnm^ s. 476 i ako in Schum. Jakrb., 1839, s. 95^ 
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the blossom, the organisms of the vegetable world. The cele- 
brated Spanish botanist, Cavanilles, was the first who enter- 
tained the idea of '' seeing grass grow,'* and he directed the 
horizontal micrometer threads of a powerftilly magnifying 
glass at one time to the apex of the shoot of a bambnsa, and 
at another on the rapidly growing stem of an American aloe 
{^Agave Americana), precisely as 'the astronomer places his 
cross of network against a culminating star. In the collectiTe 
life of physical nature, in the organic as in the sidereal world, 
all things that haye been, that are, and will be, are alike 
dependent on motion. 

The breaking up of the milky way of which I haye just 
spoken, requires special notice. Wifiiam Herschel, our safe 
and admirable guide to this portion of the regions of space, has 
discoyered by his star-gaugii^ that the telescopic breadth of 
the milky way extends &om six to seyen degrees beyond what 
is indicated by our astronomical maps, and by the extent of 
the sidereal radiance visible to the naked eye.* The two 
brilliant nodes in which the branches of the zone unite, in the 
region of Cepheus and Cassiopea, and in the vicinity of Scorpio 
and Sagittarius, appear to exercise a powerful attraction on 
the contiguous stars; in the most brilliant part, however, 
between ß and y Cygni, one half of the 330,000 stars that have 
been discovered in a breadth of 5® are directed towards one 
side, and the remainder to the other. It is in this part that 
Herschel supposes the layer to be broken up.f The number 
of telescopic stars in the milky way, uninterrupted by any 
nebulse, is estimated at 18 millions. In order, I will not say, 
to realise the greatness of this number, but at any rate to 
compare it wiÜL something analogous, I will call attention to 
the fact that there are not in the whole heavens more than 
about 8000 stars, between the 1st and the 6th magnitudes, 
visible to the naked eye. The barren astonishment excited 
by numbers and dimensions in space, when not considered 
with reference to applications engaging the mental and per^ 
ceptive powers of man, is awakened in both extremes of the 
imiverse, in the celestial bodies as in the minutest animal- 

* Sir William Herschel in the Philos, Trofuaet. for 1817, P. II. 
f). 328. 

t Arago, in the Annuairef 1842, p. 459. 
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culcB.* A cubic inch of the polishing slate of Bilin containB, 
according to Ehrenberg, 40,000 millions of the siliceous 
Bhells of GalionellEC. 

The stellar milky way, in the region of which, according to 
Argelander's admirable obäervations, the brightest stars of the 
firmament appear to be congregated, is almost at right angles 
wlÜi another milky way, composed of nebube. The former 
constitutes,accordmgto Sir John Herschel'a views, anamndue, 
that IB to say, an independent zone, somewhat remote from 
our lenticular-shaped starry stratimi, and similar to Saturn's 
ring. Our planetary system lies in an eccentric direction, 
nearer to the region of the Cross than to the diametri- 
cally opposite point, Cassiopea.f An imperfectly seen 
nebulous spot, discovered by Messier in 1774, appeared to 
present a remarkable similarity to the fonn of our starry 
sbntum, and the divided ring of our milky way. J Themil^ 
way composed of nebulto, does not belong to our starry 
stratum, but surroimds it at a great distance without being- 
phyaically connected with it, passing almost in the form of a 
laige cross through the dense nebula! of Virgo, especially in 
the northern wing, through Coma; Berenicia, Ursa Major, 
Andromeda's girdle, and Pisces Boreales. It probably inter- 
sects the stellar milky way in Caasiopea, and connects its 
dreary poles (rendered starless firom the attractive forces by 
which stellar bodies are made to a^Iomerate into groupB,)§ 
in the leaKt dense portion of the starry stratum. 

We see from tiiese considcnttiona, that our starry cluster, 
which bears traces in its projecting branlihcs of having been 

* Sir John Herschel, in a letter from Peldhnjsen, dated Jan. ISti. 
1836. Nieholl, ArcAUeclure of the ffeaoetu, 1838, p. 22. (Seh bIb» 
>onu Kparate notices by Sir Wiltiam Henehel on the starless epace 
which «eparatea na by a great distance from the Milky Way, in tiie PAiloi. 
Trmuacl. for 1817, P. II. p. 328.) 

t Sir John Herachel, AatTOnam., % fi24 ; likewise in his Oötervaliona 
tm NebtiUp and cltaleniif Star» {Phil. TnmtBct. 1S33, P. II. p. <79, 
Sg. !6) " We hace here a brother system, bearing a real phjaicsl resem- 
blance and strong analogy of structure to our own.'' 

J Sir William Herachel, in the Phil. Tram, for 1/85, P. I. p. ZS7. 
Sir John Herschel. Aslron., § 616. ("The nifivloia legioa of the lieavsna 
forms a neiufous miliy win/, composed of distinct ncbulie as the other of 
it>n." The same observation was made in a letter he addressed to m«. 
taUuUi, 1S29.} 
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subject in the course of time to farious metBmoiphoses, and 
evinces a tendency to dissolve and separate, oiwing to seeon- 
dary centres of attraction — ^is surrounded by two rinffs, on» 
of which, the nebulou» zone, is very remote, iduie tiie 
other is nearer, and conmosed of stars alone. Hie latter, whidL 
we generally term the Milky Way, is composed of nebokM» 
stars, averaging from the 10th to the lltb degree of magi»< 
tude,* but appearing, when considered individually, of vety 
dififerent magnitudes; whilst isolated steny dnatera (t^tBBf 
swarms) almost always exhibit throug^Mrata character of grert 
imilbrmity in magnitude and brillianoy. 

In whatever part the vault of heaven has been pierced by 
powerM and far-penetrating telescopic instniments, stars or 
bmiinous nebulsB are everywhere discoverable, the former ia. 
some cases not exceeding the 20th or 24th d^;ree of telesoopir 
magnitude. A portion pf the nebulous vapour would probahfy 
be found resolvable into stars by mxxe powecfiil optieaL instr»> 
ments. Aa the retina retains a less vivid impvession of stp»> 
rate than €£ infinitely near luminous poiata^ less strong^ 
marked photometric relations are excited in the latter caae^ 
as Arago has recently shown. f The definite or amorf^oac 
cosmical vapour so universally diffused, and which generafeB 
heat through condensation, probably modifies the transparency 
of the imiversal atmosphere, and diminishes that uniform in- 
tensity of light which, according to Halley and Olbers, should 
arise, if every point throughout the deptbüs of spaee were filled 
by an infinite series of stars. | The assumption of such a dis- 
tribution in space is, however, at variance with observation ; 
which shows us large starless regions of space, openings in the 
heavens, as William Herschel terms them— one, four degrees 
in width, in Scorpio, and another in Serpentarius. In the 
vicinity of both, near their margin, we find imresolvable ne- 
bul«, of which that on the western edge of the opening in 
Scorpio is one of the most richly thronged of the «uusters of 
small stars by which the firmament is adorned. Hersdid 
ascribes these openings or starless regions to the attractive 

* Sir John Herechel, Astron,, § 585. 

t Arago, in the Annuaire, 1842, pp. 282-285, 409-411, ond 
439-442. 

X Olbers, on the transDarency of celestial space. In Bode.'« Jakf^,, 1826» 
ff. 110-121. 
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and a^lomerative forcea of the marginal groups.* " They 
are parts of our starry stratum," saya he, with his ixsuoL 
gracefiil aninmtion of style. " that hare experienced great 
devastation from time." If we picture to ounielves the- 
telescopic atars lying behind one another as a starry canopy 
spread over the vault of heaven., these atarlesa regiona in 
Sborpio and Serpontarius may, I - thinlt , he regarded as tuheff 
through which we may look into the remotest depths of 
apace. Other stars may certainly lie in those ports where 
the strata forming the canopy are interrupted, but these 
are tinattainable by our instruments. The aspect of fiery 
meteors had led the ancienta likewise to the idea of clefW 
H openings (c^imnia&i) in the vault of heaven. These open. 
ings were, however, only regarded aa tranaiont, whilst the 
reason of their being luminous and fiery, instead of obscure, 
wa« supposed to he owing to the tranaluceut illuminated 
ether which lay beyond thera.t Eerham aad even Huygena, 
did not appear ^»inclined to osplain in a similar maanei the 
mild radiance of the nebuhc.J 

"When we compare the stars of the first mngnitudc, which 
«a an average are certainly the nearest to us. ivith the non- 
nebulouB telescopic stars, and further, when we compare the 
nebulous stars with anrcsolvable nebuLc, for instance, with 
the nebulii in Andiomeda, or even with the so-called pla- 
netary nebulous vapoui', a &et is made manifest to ua by the 
COTuideration of the varying distances and the boundlesBaeas 
of space, which diows the worJd of phenomena, and that which 
constitutes its cauiud reality, to be dependent upon the pfo- 
pagatioii 1^ liffht. The velocity of this propagation ia, accord- 
ing to Struve's moat recent iuveatigations, 166,07'2 geo- 
graphical milea ia a second, consequently almost a millioa of 
times greater than the velocity of sound. According to the 
measure inenta of Maclear, BesscL, and Struve, of the paral- 
laxes and distances of three fixed stars of very unequal magni- 
tudes (aCentauli, 16 Cygni, and oLyrse), a ray oflight requires 

• " An npofring in the liBa»ena," ViHiam HeracLel in thoPAi/. IVinn. 
lot I78&. vol. bur. P. I. p. 256. Le Vienna Idlmde, m the Comuui. 
A»2^nH>^Brr^<iVIll..p. 383. Ar^^, in the jlHnwi»'e,1842,}>. 425. 

t AnstoC, MttfW.. &. ». 1. aEBcis, Natur. Qiimil., i. 11, 2. 
" C«livB dkoMisw," in CicL, ile Bmn , L 43. 

t Amgo, ia the Amuuiire, 1842, p. 42^. . 
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req)cctiyely 3, 9^, and 12 years to reach us from, these three 
bodies. In the short but memorable period between 1572 and 
1604, from the time of Cornelius G^emma and lycho Brahe to 
that of Kepler, three new stars suddenly appeared in Ga»- 
giopea and Cygnus, and in the foot of Serpentarius. A simi^ 
lar phenomenon exhibited itself at intervals in 1670 in the 
constellation Vulpis. In recent times, even since 1837, Sir 
John Herschel has obserred, at the Cape of Grood Hope, the 
brilliant star i; in Argo increase in splendour from the second 
to the first magnitude.* These events in the universe belong, 
however, with reference to their historical reality, to other 
periods of time than those in which the phenomena of light 
are first revealed to the inhabitants of the Earth : they reach 
us like the voices of the past. It has been truly said, that 
with our large and powerful telescopic instruments we pene- 
trate alike through Üie boundaries of time and space : we mea- 
sure the former through the latter, for in the course of an hour 
a ra^ of light traverses over a space of 592 millions of miles. 
Whilst, according to the theogony of Hesiod, the dimensions 
of the universe were supposed to be expressed by the time 
occupied by bodies in falling to the ground (" the brazen 
anvil was not more than nine days and nine nights in felling 
from heaven to earth,") the elder Herschel was of ppinionf 
that light required almost two millions of years to pass to 
the Earth from the remotest luminous vapour reached by his 
40 foot reflector. Much, therefore, has vanished long before 
it is rendered visible to us — much that we see was once dif- 
ferently arranged from what it now appears. The aspect of 
the starry heavens presents us with the spectacle of that 

* In December, 1837, Sir John Herschel saw the star )| Argo, which 
till that time appeared as of the second magnitude, and liable to no 
change, rapidly increase till it became of tiie first magnitude. In 
January, 1838, the intensity of its light was equal to that of a Centauri. 
According to our latest information, Madear, in March, 1843, found it 
as bright as Canopus ; and even a Crucis looked faint by n Argo. 

t '* Hence it follows that the rays of light of the remotest nebule must 
have been almost two millions of years on their way, and that conse- 
quently, so many years ago, this object must already have had an 
existence in the sidereal heaven, in order to send out those rays by which 
we now perceive it." William Herschel, in the PMl. IVans. for 1802, 
p. 498. John Herschel, Astron, § 590. Arago, in the Aimiuiire, 1842» 
pp. 334, 359, and 382-385. 
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which is only apparently aimnltaneouB, .and however much 
we may endeavour, by tho aid of optical instruments, to 
brinf; the mildly-radiant Tapout of nebulous masses or the 
faintly-glimmering stairy clusters nearer, and diminish the 
thousands of years interposed between us and tliem, that 
serve as a criterion of their distance, it atül remains more thrfn 
probable, from the knowledge we possess of the velocity of 
tlie traiism,ission of luminous rays, that the hght of remote 
heavenly bodies presents us with the most ancient perceptible 
evidence of the esistence of matter. It is thus that the 
.reflective mind of man is led from, simple premise to rise to 
those exalted heights of nature where in the Hght-illumiaed 
Tcalms of space " myriads of worlds are bursting into life, 
like the grass of the night."* 

Prom the regions of celestial forms, the domain of Uraaus, 
we wül now descend to the more contracted sphere of terres- 
trial forces — to the intraior of the Earth itself. A mysterious 
chain links together both classes of phenomena. According 
to the ancient signification of the Titanic mjih,! the powers 
of organic life, that is to say, the great order of nature, depend 
upon the combined action of heaven and earth. If we suppose 
that the Earth, like all the other planets, primordially belonged, 
according to its origin, to the central body, the Sun, and to 
■the Bolar atmosphere that has been separated into nebulous 
rings, the same connection with this contiguous Sun, as well 
as with all the remote Suns that shine in the firmament, is 
Btm revealed through the phenomena of light and radiating 
heat. The difference in the degree of these actions must not 
lead tije physicist, in his delineation of nature, to foi^t the 
connection and the common empire of similar forces in the 
■universe. A small fraction of telluric heat is derived from 
the regions of universal space in which our planetary system 
is moving, whose temperature (which, according to Fourier, is 
almost equal to our mean icy polur heat) is the result of the 
combined radiation of all the stars. The causes that more 
poweriully excite the light of the Sun in the atmosphere and 
in the upper strata of our air, that give rise to heat-engen- 

• Prom my brother's beauti/ul EOorE 
belli: Ton Humboldt, Geiammelle Wer/te, m 
t Ottfded Muller, Prolegomma, i. 373. 
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dering electric and magnetic cmrents, and awaken and geni- 
ally Tiyify the vital spark in oiganic structores on the earth^« 
surface, must be reserved for the subject of our fixture coma- 
deration. 

As we purpose for the present to confine ourselves ezdiir 
sively within the teUuric sphere of nature, it will be expe- 
dient to cast a preliminary glance over the relatioiis in space 
of solids and fluids, the form of the Earth, its mean densily, 
and the partial distribution of this density in the inteiiar 
of our planet, its temperature and its electro-magnetic ten- 
sion. From the consideration of these relations in spaee, 
and of the forces inherent in matter, we shall pass to the 
reaction of the interior on the exterior of our globe ; and 
to the special consideration of a imiversally districted natu- 
ral power— subterranean heat ; to the phenomena of earth- 
quakes, exhibited in unequally expanded circles of oomm»- 
tion which are not referable to the action of dynamic Ikwb 
alone ; to the springing forth of hot wells; and lastly to the 
more powerful actions of volcanic processes. The erust.of 
the earth, which may scarcely have been perceptibly elevated 
by the sudden and repeated, or almost uninterrupted shocks 
l^ which it has been moved from below, undergoes, never- 
theless, great changes in the course of centuries in ihe rela- 
tions of the elevation of solid portions, when compared with 
the surface of the liquid parts, and even in the form of the 
bottom of the sea. In this manner simultaneous temporary 
or permanent fissures are opened, by which the interior of 
the Earth is brought in contact with the external atmosphere. 
Molten masses, rising front an unknown depth, flow in narrow 
streams along the declivity of mountains, rushing impetuously 
onwards, or moving slowly and gently, until the fiery source is 
quenched in the midst of exhedations, and the lava becomes 
encrusted, as it were, by the solidification of its outer sur&ce. 
New masses of Tocks are thus formed before our eyes, whilst 
the older ones are in then* turn converted into other forms by 
the greater or lesser agency of plutonic forces. Even where 
no disruption takes place the crystalHne molecules are dis- 
placed, combining to form bodies of denser texture. The 
water presents structures of a totally diflPerent nature, as, for 
instance, concretions of animal and vegetable remains, of 
earthy, calQareous or aluminous precipitates, agglomerations 
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of feiely-polTerized minei'al bodioa, covered witli larers of the 
siliceuus Eliields of infu&oriit, and \Titli txaneported soils cim- 
taining the bones of fosail animal forms of a more ancient 
UTorld. The study of the strata wLich are bo differently formed 
aod arraogecL bL'fore our eyes, and of all that has been so vari- 
ously dislocated, contorted and upheaved by mutual coinprea- 
.aioQ and volcanic force, leads the reflective observer, by 
. ample analogies, to draw a comparison between the present 
And an age that has long pasaed. It is by a combination of 
actual phenomena, by on. ideal enlargement of relations in 

Xe. and of the amount of acti-ve forces, that we are able to 
jice into the long sought aud indefinitely anticipated do- 
main of geognosy, which, has only within the last half century 
been based on the solid foundutiüu of scientific deduction. 

It has been acutely remarked, " that notwithstanding our 
continual employment of large telescopes, we are lesa ac- 
^oainted with the exterior than with the interior of oüsei 
planets, excepüug perhaps our own satellite." They have 
been weighed, and their volume measured ; and their mass 
and density arc becoming known with coastantly-increaslng 
exactness, thanks to the progress made in astronomical ob- 
.servation and calculation. llieir phy^cal character is. how- 
. ever, hidden in obscurity, for it is only in our own globe that 
we can be brought in immediote contact with all the elements 
of oi^anic and inorganic creation. The diversity of the most 
lielerogeneous substances, tJieir admisturea and metamor- 
phOBGB, and the ever-chaining play of the forces called into 
actios, afford to the human mind toth nouriahment and enjoy- 
meat, and open an immeasurahlc field of observation, ircnn 
which the intellectual activity of man derives a great portion 
of its grandeur and power. The world of perceptive pheiio- 
meoa is reflected in the depths of the ideal world, and the 
liclmesa of nature and the mass of all that admits of classifioa- 
tion, gradually become the objects of uiductive reasoning. 

I would here allude to the advantage of which 1 have 
already spoken, possessed by that portion of physical 
"fdiose origin is fiuniliar to us, and is connected wiiu our 
earthly existence. The phj^ical description, of celestial 
bodies, from the remotely-glimmering uebulte witli their 
Buns, to the central body of our own system, is limited, as we 
luve Been, to general oouceptious of the volume and quantity 
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of matter. No manifestation of vital activity is there pre- 
sented to our senses. It is only from analogies, frequently 
from purely ideal combinations, that we haaurd conjeotures 
on the specific elements of matter, or on their various modifi- 
cations in the different planetary bodies. But the phynoal 
knowledge of the heterogeneous nature of matter, its (uiemieal 
differences, the regular fbrms in which its molecules combine 
together, whether in crystals or granules ; its relations to the 
deflected or decomposed waves of light by which it is pene- 
trated ; to radiating, transmitted, or polarised heat ; and to 
the brilliant or invisible, but not on Üiat account less active 
phenomena of electro-magnetism— all this inexhaustible trea- 
sure, by which the enjoyment of the contemplation of nature 
is so much heightened, is dependent on the surfsu^e of tte 
planet which we inhabit, and more on its solid than on its 
Hquid parts. I have already remarked how greatiy the sta^ 
of natural objects and forces, and the infinite diversity of tue 
«oiux^es they open for our consideration, strengthen the mental 
activity, and call into action every manifestation of intellectual 
pi ogress. These relations require, however, as little comment 
as that concatenation of causes by which particular nations are 
permitted to enjoy a superiority over others in the exercise of 
a material power derived from their command of a portion of 
these elementary forces of nature. 

If, on the one hand, it were necessary to indicate the difSs- 
rence existing between the nature of our knowledge of the 
Eai-th and of that of the celestial regions and their contents, I 
am no less desirous on the other hand to draw attention to 
the limited boundaries of that portion of space from which we 
derive all our knowledge of the heterogeneous character of 
matter. This has been somewhat inappropriately termed the 
Earth's crust; it includes the strata most contiguous to the 
upper surface of our planet, and which have been laid open 
before us by deep fissure-like valleys, or by the labours of man, 
in the bores and shafts formed by miners. These labours* do 

* In speaking of the greatest depths within the Earth readied by 
human labour, we must recollect that there is a difference between the 
absolute depth (that is to say, the depth below the Earth's surface st that 
point) and the relative depth (or that beneath the level of the sea). V^ 
greatest relative depth that man has hitherto reached is probably the bore 
at the new salt works at Minden, in Prussia : in June, 1844, it wis 
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not extend beyond a vertical depth of soraewhat more than 
20OO feet (about one-third of a geographical mile) below the 
lerel of the sea, and consequently only about - ^('sb °^ ^^ 
Earth's radiiis. The prystalline masses tluit have been erupted 
from active volcanoes, and are generally Bimilar to the rockt) 
on the upper Hurfiicc, have come from depths, which although 
not accurately determined, muat certainly be sixty times 

exactly 1993 feet, the absolute depth heing 2231 ftet. The temperatare 
of the water at the bottom was 91 °F., «hii^h, SKsatniug the mean tempera- 
tore of the air at 49°'3, gives an nagmentation o! temperature of 1° for 
ererj S4 feet. The absDlute depth of Che artesian well of Crenelle, neat 
Rme, i« only 1J95 feet. According to the accotmt of the mieBionaiy 
Imbert. Che fire springs, " Ho-t>ing," of the Chinese, which are BUnlt to 
obtdn [carburetted] hydrogen gas for salt-boiling, far exceed our arterian 
qirings in depth. In the Chinese pnnince of SiU-tschuan these lire 
springs are very commonly of the depth of more than 2000 feet ; mdeed, 
>t Taen-lieu-teins (tlie place of continnat flow) there Ie a Ho-tsing which, 
in thH year 1812, was found to be 3197 feet deep. (Humboldt, Aait 
Cetiralf, t. ii. pp. 521 and 525. Amtalei de I'Aaoclation de la Propa- 
goUo» de la Foi, 1829, No. 16, p. 369.) 

The relative depth reached at Mount Masä, in Tuscany, south of Tol- 
tora, amounts, aeeording to Matteuci, to only 1253 feet. The boring at 
the new salt works near Minden, is prolrabty of about the same relative 
depth as the eoal-mine at Apendale, near Newcastle-utiiJer-Lyme, in Staf- 
forddiire, where men work 725 yards below Ihe surface of the earth. 
(Thomas Smith, Miner'» Giiide, 1836, p. 160.) Unfortunately, I do not 
know the exact height of its mouth above the level of the «ea. The relative 
depth of the Monk-weannouth mine, near Newcastle, is only 1496 feet. 
(Riillips, inthePÄHo».3ffljF,,ToI. v., 1834, p. 446.) That of the Liege 
eoal-miiK, V Espvrimcc, at Seraing, is 1355 feet, accorditit; to M. too 
Dcdien, the director ; and the old mine of Marihaye, near Tal-St.-Lam- 
bert, in the valley of the Maes, is, according lo M.Oemsert, Ing^ieur des 
Hinea, 1233 feet in depth. The works of greatest absolute depth that 
bne ever been formed are for the most part dluated in such elevated 
pUins or ralleys that tbey either do not descend so low bs the level of ths 
■ea, or at moEt reach very little below it . Thus the Eselschacht, at Kut- 
tmbe»^ in Bohemia, n mine which cannot now be worked, had the enorroona 
absolute depth of 377B feet. (Fr. A. Scbmidt, Bergsaetze dfr osier Hon., 
abth. i. bd. i. s. xxxii.) Also, at St. Daniel and aC Geish, on the Rarer. 
bUhel. in the Landgericht (or provincial district) of Kitiblihl, there were, 
in the siiteenth csnturv, ejtcavations of 3107 feet. The plans of the works 
of the RUrerbUhel are still preserved. (See Joseph von Spcrges, T^roier 
Btrgva-kigetchicMt, s. 121. Compsre also Humboldt, Gatachlm Uitr 
Brranlreibmtg dew MeUiner Slaltma ire die Frtiberger Ererimer, printed 
ia Herder, Bier dm jelz begonnenen Brbatolten, 183B, s. ciiiv.) We 
may presame that the knowledge of the extraordin^ry depth of the Rijrer» 
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greater than those to which human labonr has been enabled 
to penetrate. We are able to give in numbers the depth of 
the shaft where the strata of coal, after penetrating a certain 
way, rise again at a distance that admits of being accurately; 
defined by measurements. These dips show that the carbo- 
niferous strata, tc^ether with the foaeal organic remains whidt 

bUhel reached England at an early periodi for I find it remarked in Gilbert, 
ifo Magnttty that mm have penetrated 2400 or even 3000 feet into ^ 
cnnt of the earth. ("Biigiiayidetinrterne portio, qiueimqaamhomimbin' 
qiectanda emerget ant emitor ; com proftrnditu in ejus yiscera, ultra efflo- 
resoentia eztremitatiB corniptdlam, ant propter aquas in magms fbdims, 
tinquam per venas seatanentes aut propter aeris salubriorb ad yitam ope- 
Mriorum sostinendam necessarü defectum, aut propter ingmtes sumptoar 
ad tantos labores exantlandos, raultasqm difficnltates, ad protundiores' 
terrae partes penetrtre non possurans ; adeo ut quadringmtas aut [quod* 
rarissime] quingentas orgyas in quibusdam metallis desoendisse, stupendufl 
omnibus videatnr conatus.'' Ghüiämi Güberti, CokestrensiSy de Maffnete 
Phytiolögia nova. Loud., 1600, p. 40.) 

The absolute depth of the mines in the Saxon Erzgebirge, near Freiburg, 
are: in the Thurmhofer mines, 1944 feet; in the Honenbirker mines, 
1827 feet ; the relative depths are only 677 and 277 feet, if, in order to 
oalcnlate the elevation of the mine's month above the level of the sea, we 
regard the elevation of Freiburg as determined by Reich's recent observa- 
tions to be 1269 feet. The absolute deptii of the celebrated mine of 
Joachimsthal in Bohemia (Verkreuznng des Jung Hauer Zedien-und 
Andreasganges), is full 2120 feet; so that, as Von Dechen's measurements 
riiow that its surface is about 2388 feet above the level of the sea, it fol- 
lows that the excavations have not as yet reached that point. In the Harx, 
the Samson mine at Andreaaberg, has an absolute depth of 2197 feet. In 
what was formerly Spanish America, I know of no mine deeper than the 
Yalenciana, near Guanaxuato (Mexico), where I found the absolute depth" 
of the Planes de San Bernardo to be 1686 feet ; but these planes are 5960 
ftet above the level of the sea. If we compare the depth of the old Kut- 
ttoberger mine (a depth greater than the height of our Brocken, and only 
200 feet less than that of Vesuvius) with the loftiest structures that tbß- 
bands of man have erected, (with the Pyramid of Cheops and with the 
Cathedral of Strasburg,) we find that they stand in the ratio of eight to 
one. In this note I have collected all the certain information I could find 
regarding the greatest absolute and relative depths of mines and borings. 
In descending eastward from Jerusalem, towards the Dead Sea, a view 
presents itself to the eye, which, according to our present hypsometrical' 
knowledge of the surface of our planet, is unrivalled in any country; as 
we approach the open ravine through which the Jordan takes its course, 
w» tread, with the open sky above us, on rocks which, according to the 
barometric measurements of Berton and Russeg^er, are 1385 feet below 
th« level of the Mediterranean. (Humboldt^ ^M'e Centraie, th. ii. p. 328.)' 
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tiiej coBiiain, mutt lie, as« for instaooe» in Belgium, more than 
five or six thousand feet* below the piresent level of the sea ; 
and that the calcareous and the curved strata of the Devonian 
baaia penetrate twice that depth. If we compare these sub-* 
tonranean basins with the summits of mountains that have 
hitherto been considered as the most elevated portions of the 
nosed crust of the Earth« we obtain a distance of 37,000 feet 
(about seven miles), that is about the yfj-th of the Earth'» 
ladiuB. These,- therefore, would be the limits of vertical depth 
and of the superposition of mineral strata, to which geognos? 
tical inquiry could penetrate, even if the general elevation of 
the upper sui&ce of the earth were equal to the height of the 
Dliawalagiri in the Himalaya, or of the Sorata in Bolivia. 
All that Hes at a greater depth below the. level. of the sea than 
Itae shafts or the basins of which! have spoken, the limits to 
wiiidk' man's labours have penetrated, or than the depths to 
wldclk ihe sea haa in some few instances been sounded, (Sir 
James Boss was unable to find bottom with 27,600 feet of 
fine,) i» as much imknown to us as Üie interior of the other 



* Baain-shaped curved strata, which dip and reappear at measurer 
iMft. distances, although their deepest portions are beyond the reach <^ 
tiiB miner, afford sensible evidence of the nature of th& earth's crust- at 
grast deptiM belo^ its surface^ Testimony of* this kind possesses, con^ 
nqvently, agpreat geognostic interest. 1 1 am, indebted to that excellent 
gMgnofiist, Von. Decheu, for the foUowang observations. '' The depth of 
tli»^>al-besin of laege» at Mont St. Gilles, which I, in conjunction with 
imx friend Von Oeynhausen, have ascertained to be 3S90 feet below the 
sartuXf extends 3464 feet below the surface of the sea, for the absolute 
]lei|^t of Mont St. Gillcs certainly does not much exceed 400 feet ; the 
coil-basim of Mods is fidly 186& feet dteper. But all these depths are 
trittag compared with those which are presented by the coal-strata c^ 
SMT-Revier (Saarbrücken). I. have fouad, after repeated examinations, 
that, the lowest coal-stratum which is known in the neighbourhood of 
Dottweiler, near Bettingen, north-east of Saarlouis, must descend to 
d^hs of 20,682 and 22,015 feet (or 3*6 geographical miles) below the 
liBvel of the sea.'' Ulis result exceeds, by more than 8000 feet, the 
asnunption made in the text regarding the basin of the Devonian strata. 
This coal-field is- therefore sunk as far below the surface of the sea, as 
Chimborazo is elevated above it : at a depth at which the earth's tempe- 
rature must be as high as 435^ F. Hence, from the highest pinnacles of 
Üie Himalaya to the lowest basins containing the vegetation of an earlier 
world, there is a vertical diatanoe of about 48,000 feet, or of the 435th 
|Murt of the Earth's racUius« 
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planets of our solar system. We only know the mass of the- 
whole Earth and its mean density by comparing it with the 
open strata, which alone are accessible to us. In the interior 
of the Earth, where all knowledge of its chemical and minera^ 
logical character &ils, we are again limited to as pure conjee- 
tcure, as in the remotest bodies that revolye round the Sun. We 
can determine nothing with certainty regarding the depth at 
which the geological strata must be supposed to be in state of 
softening or of liquid fusion, of the cavities occupied by elastie 
yapour, of the condition of fluids when heated under an 
enormous pressure, or of the law of the increase of density 
from the upper sur&ce to the centre of the Earth. 

The consideration of the increase of heat with the increase 
of depth towards the interior of our planet and of the reaoticm 
of the interior on the external crust leads us to the long series 
of volcanic phenomena. These elastic forces are manifested 
in earthquakes, eruptions of gas, hot wells, mud volcairaes 
and lava currents from craters of eruptions, and even in pro* 
ducing alterations in the level of the sea.* Large plains and 
variously indented continents, are raised or sunk, lands are 
separated from seas, and the ocean itself, which is permeated 
by hot and cold currents, coagulates at both poles, convert- 
ing water into dense masses of rock, which are either stratified 
and fixed, or broken up into floating banks. The boimdaries 
of sea and land, of fluids and solids, are thus variously and 
frequently changed. Plains have undergone oscillatory move- 
ments, being alternately elevated and depressed. After the 
elevation of continents, mountain-chains were raised upon 
long fissures, mostly parallel, and, in that case, probably can- 
temporaneous ; and salt lakes and inland seas, long inhabited 
by the same creatures, were forcibly separated; the fossil 
remains of shells and zoophytes still giving evidence of their 
original connexion. Thus, in following phenomena in their 
mutual dependence, we are led from the consideration of the 
forces acting in the interior of the Earth, to those which 
cause eruptions on its surface, and by the pressure of elastic 
vapours, give rise to burning streams of lava that flow from 
open fissures. 

* [See Daubeney On Volcanoes j 2nd edit. 1848, p. 539, &c., on the 
so-called mud volcanoes^ and the reasons advanced in favour of adopting 
the term "salses'' to designate these phenomena.]— TV. 
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Tie same powers that raised the chains of the Andes and 
Um Himalayti to the regions of perpetual snow, bare occasioned 
new compositions and new textures in the rocky mosses, und 
have altered the stmta which had been previously deposited 
from fluids impregna.ted with organic subsfances. We here 
trace the series of formations, divided and superposed accord- 
ing to their ag9, and depending upon the changes of configu- 
raSon of the surface, the dynamic relations of upheaving forces, 
und the chemieal action of vapoura issuing from the fiasm^s. 

The form and distribution of continents, that is to say, of 
Üiat solid portion of the Earth's surface which is suited to the 
luxurious development of vegetable life, are associated by intj. 
mate connexion and reciprocal action with the encircling sea, 
in which organic life is almost entirely limited to the animal 
world. The liquid element is aga.in covered by the atmosphere, 
an aerial ocean in which the mountain-chains and high plains 
of the dry land rise like shoals, occasioning a variety of cur- 
rents and changes of tcmperatm-e, collecting vapour firam the 
region of clouds, and distributing life and motion by the action 
ofthe streams of water which flow from their deeUvities. 

Whilst the geography of plants and animals depends on 
these intricate relations of the distribution of sea and land, the 
configuration of the surface, and thedirection of isothermal lines' 
(or KOnes of equal mean annual heat), we find that the case i» 
totally different when we consider the human race — the last 
and noblest subject in a physical description of the globe. 
THie ohardcteristic differences in races, and their relative nu- 
merical distribution over the Earth's surfece, arc conditions 
afibcted not by nat-rnl relations alone, but at the same time 
and specially, by tho progress of civilization, and by moral 
and intellectual cultivation, on which depends the political 
BBperiority that distinguishes national progress. Some few 
races, clinging, as it were, to the soil, are supplanted and 
mined by the dangerous vicinity of others more civilized 
than themselves, until scarce a trace of their existence 
remains. Other races, again, not the strongest in numbers, 
traverse the hquid element, and thus become the first to 
acquire, although late, a geographical knowledge of at least 
the maritime lands of tho whole surfeoe of our globe, from 
pole to pole. 

I have thus, before we enter on the individual characters of 



tltttt portiom of the delineatioii of nature "wbieh. iiudvdes tbe 
sphere of telluric phenomena, shown gimerally in what manner 
the consideration of the form oi the Earth and the inoeesanir 
action of dectro-magnetism and subt^ranean heat may enahto 
us to embrace in one view the rektianarof hcnmsontal expas>- 
sion and elevation on the Earth's snrfiu)e^ the gec^nostic type 
of formations, the domain of therooean, (of the liquid portions- 
of' the Earth,) the atmosphere with its meteorolc^ical pro- 
cesses, the geographical distribution of plants. abd animaiSi . 
{Qid finally, tiie jdiysical gradations of the human race, which 
is» exolusiy^ and.eyerywhere, suscepitible of inteUectoal cnl*< 
ture. Ulis imity of contemplation presupposes a connexuA of* 
pjbenomena according to their internal combination. . A mere.* 
tabular arrangement of these &cts would not fulfil the object. 
I, have proposed to myself, and would not satisfy that require^ 
ment for cosmical presentation awakened in me by the aspeei»; 
of nature in my joumeyings by sea and land, by the caiefid) 
sludy of forms and forces, and by a vivid impression of the-, 
unity of nature in the midst of the most varied portions-of' 
the Earth« In the rapid advance of all branches of physieai 
science much that is deficient in this attempt wiU, perhaps, 
at no remote period, be corrected, and rendered more perfect^ 
&r it belongs to the history of the development of knowledge? 
that portions which have long stood isolated become gradually 
connected, and subject to higher laws. I only indicate ^b» 
empirical path, in which I and many others of similar pur** 
suits with myself, are advancing, Aill of expectation that, as 
Plato tells us Socrates once desired, '' Nature may be inters- 
preted by reason alone."* 

' The delineation of tiie principal characteristics of tellurio. 
pjienomena must begin with the form of our planet, and its 
relations in space. Here, too, we may say that it is not only 
the mineralogical character of rocks, whether they are crys- 
talline, granular, or densely-fossiliferous, but the geometrical; 
form of the Earth itself which indicates the mode of its origin^ 
and is, in fact, its history. An elliptical spheroid of revolu^- 
tion gives evidence of having once been a soft or fluid mas& 
Thus, the Earth's compression constitutes one of the most. 

* Plato, PhcBdOy p. 97. (Arist. Metaph,, p. 985.) Comfmre H^j^tl^, 
Philosophie der Geschichtet 1840, ». 16u 



MGITBE OP THE EAETH. 15ff 

ancient geognostie events, as eveiy attentive reader of the 
book o£; poatore can easily disoem; and an analogous &ct is 
presented in the case of the Moon, the perpetual directioir 
of-wfaose axes towards- the Eardi, that is to say, the increased* 
aeoumtdation of matter on that half of the Moon which is* 
tamed tofwaidsus, determines the relations of the periods of 
zotation and xevohition, and is probably contemporaneous with 
Urn earliest epoch in the formative history of this satellite. 
TbB mathematical figure of the Earth is that which it wonld 
\aswe were its- sur&ce covered entirely by water in a state of 
Best; and it- is this assumed form to which all geodesicsd 
measurements of degrees refer. This mathematical surfece is* 
difGdrent from that true physical surfiice whidi is affected by 
all the accidents and inequalities of the solid parts."^ The 
whole figure of the Earth is determined when we know the 
amoimt of the* compression at the pedes and the equatorial 
diameter; in order, however, to obtain a perfect representa- 
tion of its foim it is necessary to have measurements in two 
directions, perpendicular to one another. 
• Eleven measurements of degrees, (or determinations of the 
enzrature of the Earth*s surfece in different parts,) of which 
nine only belong to the present century, have made us ae« 
qoauxted with the size of our globe, wbich Pliny named " a 
nakit in the immeasurable universe. ' 'f If these measurements^ 
do. not always accord in the curvatures of different meridians 
ander the same degree of latitude, this very circumstance speaks 
in favour of the exactness of the instruments and the methods 
employed, and of the accuracy and- the fidelity to nature of 
th^ partial results«. The conclusion to be drawn from the 

* BeMel, AUffemem»^ Bitraehiunffen ub^r Gradmesmngen nach astrO', 
nomUch-geodäiiscken Arbeiten^ at the oonclusioii of Bessel and Baejer, 
Qradm^ntng in Oatprefugertf s. 427. Regarding tlw accumulation of 
ilMrtter on the side of the Moon turned towards us, (a subject noticed in 
SB: earlier part of the teztO see Laplace, Eay>os, du Syst. du Monde, 

t Plin., iL 68. Seneca, Nai Quait Prarf,, c. ii. '' El mundo es poco,'" 
(Uie Earth is small and narrow) writes Columbus from Jamaica, to Queen 
Itabdia, on the 7th of July, 1503 ; not because he entertained the philo- 
sophic views of the aforesaid Romans, but because it appeared advantageous 
to bim to maintain that the journey from Spain was not long, if, as he 
observes, *' we seek the east from the west.'* Compare my Examen crit. 
d€ VSM» de Im^ Q^ogr. du Ibme Siiehf t. L p. 88, and t. ü. p. 327; 
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increase of forces of attraction (in the direction from the 
equator to the poles) with respect ta the figure of a planet i& 
dependent on the distribution of density in its interior. 
Newton, from theoretical principles, and perhaps likewise 
prompted by Cassini's discovery, previously to 1666, of the 
compression of Jupiter,* determined, in his immortal work, 
PhilosophuB Naturalis Frincipia, that the compression of the 
Earth, as a homogeneous mass, was -j-j^. Actual oneasare- 
ments made by the aid of new and more perfect analysis have, 
however, shown that the compression of the poles of the ter* 
restrial spheroid when the density of the strata is regarded as 
increasing towards the centre^ is very nearly 3^. 

Three methods have been employed to investigate the cur* 
Tature of the Earth's surface — ^viz., measurements of degrees, 
oscillations of the pendulum, and observations of the inequa- 
lities in the Moon's orbit. The first is a direct geometrical 
and astronomical method, whilst in the other two, we deter^ 
mine from accurately observed movements, the amoimt of the 
forces which occasion those movements, and from these forces 
we arrive at the cause from whence they have originated-— 
viz., the compression of our terrestrial spheroid. In this 
part of my delineation of nature, contrary to my usual prac- 
tice, I have instanced methods because their accuracy affords 
a striking illustration of the intimate connexion existing 
amongst the forms and forces of natural phenomena, and also 
because their application has given occasion to improvements 

where I have shown that the opinion maintamed by Delisle, Freret, and 
Gosselin, that the exoesdve differences in the statements regarding the 
Earth's circumference, found in the writings of the Greeks, are only ap« 
parent, and dependent on different values being attached to the stadia, was 
put forward as early as 1495 by Jaime Ferrer, in a proposition regarding 
the determination of the line of demarcation of the papid dominions. 

* Brewster, Life of Sir Isaac Newton, 1831, p. 162. " The- disco- 
very of the spheroidal form of Jupiter by Cassini, had probably directed 
the attention of Newton to the determination of its cause, and conse- 
quently, to the investigation of the true figure of the' Earth." Although 
Cassini did not announce the amount of the compression of Jupiter ( A^) 
till 1691, {Anciens Mimoires de VAcad, des Sciences f t. ii. p. 108,; yet 
we know from Lalande, {Astron,, 3me 6d., t. iii. p. 335,) that Manddi 
possessed some printed sheets of a Latin work, '* On the Spots of tbe 
Planets/' commenced by Cassini, from which it was obvious that he Was 
aware of the compression of Jupiter before the year 1666, and therefore» 
tt least twenty-one years before the publication of Newton's PrmcMi. 
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in the exactness of instruments (as those employed in the 
measurements of space) in optical and chronological ohserva- 
tions; to greater perfection in the fundamental branches of 
astronomy and mechanics in respect to lunar motion and to 
tiie resistance experienced by the oscillations of the pendu- 
lum; and to the discovery of new and hitherto untrodden 
paths of analysis. With the exception of the inrestigationB 
of the parallax of stars, which led to the discovery of aberra- 
tion and nutation, the history of science presents no problem 
in which the object attained — the knowledge of the compres- 
sion and of the irregular form of our planet — is so far exceeded 
in importance by the incidental gain which has aeerued, 
throngh a long and weary course of investigation, in the 
general furtherance and impvoTcment of the mathematical 
and astronomical sciences. The comparison of eleven mea- 
surements of degrees, (in which are included three extra-Eu- 
ropean — namely, the old Pemrian, and two East Indian,) 
gives, according to the most strictly theoretical requirements 
allowed for by Bessel,* a compression of -jj^. In accordance 
with this, the polar radius is 10,938 toisea (69,944 feet), or 
about 11-J miles, shorter than the eijimtorial radius of our 

* Acconling to BeBsel's examination of ten measiu-Gmcnts of degrees, 
in irhjch the error discoverüd by Puimant in the calculaüon of the 
IFraaeh mcnsurementa is taken into crrneid oration, {Schumacher, Aatron, 
Nadir., 1841, Nr. 438, a. 116,) the semi-aiia m^or of the Blliplical 
spheroid of rcvolotion to which the irregular figure of the Earth most 
oloselj approxinmtea, U 8,273,077'14 toises, or 20,924,774 feet; the 
semi-oii« minor, 3,261,16983 foia^ or 20,854,821 feet; and the 
UDOont of comproaaioD or el^cent^ic■tJ-, ai-in '• ^^ length of a mean 
degree of the meridian, £7,013109 toisea, or S64,596 feet, njth an error 
of -)- 2'8403 toisea, or 1S'16 feet, whence the length of a geographical 
mile la 3807-23 toiaea, or 60867 feet. Previoua combinauooe of raeiaure- 
atents of degrees raricd between ^'^ and ^ : thus Walt>eck {Da 
forma et Magnüuditie telluri» in demtnsi» arcabiut Meridiani de- 
finUndü, ISIS,) gives jgin^ ^''- Schmidt, (LthTbiKh dfrmailtem. und 
pkj/a. Oeographie, 1E29, a. 6,) gires t^,a» the mean of aeven mea- 
■ures. Bespecting the influenee of great difierences of longitude on the 
polar compression, aee Bibliothiqve Univereelle, t. xixiii. p. 181, anA 
t-iav. p. 5S; likewise Cavnavmanee des Tern», 1829, p. 290. From 
Uie lonar inequalitiea alone, Laplace (Eii^tosition dif Syit. du Monde., n. 
329) found it, bj the older tables of Blirg, to be ^; and Buhfeiiuently 
firom tbe lunar obwrvationa of Burekhardt and £kiQTard, he fixed it 
at ^^, iiflcanieue tilette, t t. pp. 13 and 43.) 
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-tenestrial spheroid. The excess at the equator in conse- 
quence of the curvature of the upper surfBtce of the globe, 
«mounts, consequently, in the direction of gravitatian, 'to 
somewhat more than 4-f- times the height of Mont Blanc, -«r 
only 2^ times the probable height of the siunmit of 'ihe 
Dhawalagiri, in the Himalaya chain. The lunar inequalities 
(perturbation in the moon's latitude and longitude) gii^, 
according to the last investigations of Laplace, almost the 
same result for the eUipticity as the measurements of duress 
«—-viz., -7^. The results yielded by the osciUation of tlie 
pendulum give on the whole a much greater .amoimt of cuu- 
pression — viz., -jxr** 

* The oBcillatians of the pendulum give f^^, as the general desalt jof 
Sabine's great expedition (1822 and 1823, f]X>m the equator to 80** noxtii 
latitude) ; according to Freycinet, ^^.^ exclusiye of the ezperiments in- 
stituted at the Isle of France, Guam, and Mow! (Mawi) ; according to 
FoTster, ^.3; according to Duperrey, «J.,; and according to Ltttke 
(Partie NatUigue, 1836, p. 232), ^, calculated from eleven stations. 
On the other hand, Mathieu {Oonnaiss. des Temps, 1816, p. 380) fixed 
the 'amount at ^7, from observations made between F(N:menteia;aBd 
Dunkirk; and Biot, at g^, from observations between Formenteraand 
the Island of Unst. Compare Baily, Report on Pendulum ExperiTnentSf 
in the Memoirs of the Royal Astronomical Society, vol. vii. p. 96 ; alsaBo* 
lenius, in the Bulletin de VÄcad.de St. Pitersbourg, 1843, t. i. p. 26. The 
first proposal to apply the length of the pendulum as a standard of measure 
and to establish the third part of the seconds pendulum (then supposed 
to be everywhere of equal length) as a pes horarius, or generalmeasure, 
that might be recovered at any age and by all nations, is to be found in 
Huygens' Horologium OsciUcUorium, 1673, Prop. 25. A similar wish 
was afterwards publicly expressed, in '1742, on a monument erected at 
the equator by Bougner, La Condiunine, and Grodin. On the beautifiil 
nuuble tablet which exists, as yet uninjured, in the old Jesuits' College 
at Quito, I have myself read the inscription, Penduli simplicis cBqui- 
noctialis unius minvti secundi archetypus, mensurce naturalis exemplar , 
utinam universalis! From an observation made by La Condamine,xn 
his Journal du Voyage ä VEquateur, 1751, p. 163, regarding parts of 
the inscription that were not filled up, and a slight difierence between 
Bouguer and himself respecting the numbers, I was led to expect that 
I should find considerable discrepancies between the marble tablet and 
the inscription as it had been described in Paris ; but after a carefliil 
comparison, I merely found two perfectly unimportant difierenees: 
" ex arcu graduum 3|," instead of " ex arcu graduum plusquam 
feium," and the date of 1745, instead of 1742. The latter circumstance 
is singular, because La Condamine returned to Europe in November, 
1744^ Bouguer in June of the same year^ and €k)din had left:South 
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■'Saüleo/who ^rst obserred when a boy, (having, probably, 

HtattBPed his thcfoghts to wander from Üie service,) that the 

«lielgkt of the vaulted roof of a church might be measured l^ 

■die time of the vibration of the chandeliers suspended at dif- 

• fiBxent altitudes, could hardly have anticipated that the pen- 

dnhmi would one day be -carried fr*ompole to pole, in order to 

^determine the form of the Earth; or .rather that the unequal 

density of the strata of the Earth, affects the length of the 

f jKOimds pendulnm by means of intricate forces of local attrac- 

ruon, which are, however, almost regular in large tracts of 

Jand. These gec^ostic relations of an instrument intended 

for the measurement of time— this property of the pendulimi, 

by which, like a sotmding line, it searches unknown depths, 

«nd reveals in volcanic isfitnds,* or in the declivity of elevated 

continental mountain ohams,f dense masses of basalt and 

America in July, 1744. The most necessaiy and usefiil amendment to 
the nmnbers on this inscription would have been the astronomical longi- 
^deof Qoito. (Humboldt, Becueil d^Observ. Astron., t. ii. pp. 319-354.) 
Kouet's latitudes, engraved on Egyptian monuments, offer a more recent 
«zample of the danger presented by the groye perpetuation of £sÜBe or 
- carelesB results. 

* Bespecting the augmented intensity of the attraction of gravitation 
in volcanic dsUnds, (St. Helena, Uakn, Fernando de Noronha, Isle of 
-Vtanee, Guam, Mowi, and Qalapagos,) Bawak (Ltttke, p. 240) being an 
ezeeption, probably in consequence of its proximity to the high land of 
JSew Guinea, see Moihieu, in Delambre, Hist, de FAstronomie, au 
18me Sude, p. 701, 

f Numerous observations also show great irr^nlarities in the length 
of the pendulum in the midst of continents, and which are ascribed 
to local attractions. (Delambre, Mesure de la Miridienne, t. iii. p. 
548; Biot, in the MSm. de VAeadimie des Sciences, t. "mi., 1829, 
. pp. 18 and 23.) In passing over the 6outh of France and Lombardy^ 
fix>m west to east, we find the minimum intensity of gravitation 
at Bordeaux; from thence it increases ^rapidly as we advance eastward, 
through Figeac, Clermont-Ferrand, Milan, and Padua; and in the last 
town we find that the intensity has attained its TtiftTiTnnTn. The influ- 
ence of the southern declivities of the Alps is not merely dependent on 
the general size of their mass, but (much more) in the opinion of Efic 
de Beaumont, {Rech, sur les HSvol. de la Surface du Globe, 1830, p. 729,) 
on the rocks of melaphyre and serpentine, which have elevated the chain. 
On the declivity of Ararat, which with Caucasus may be said to lie in 
the centre of gravity of the old continent formed by Europe, Asia, and 
Africa, the very exact pendulum-experiments of Fedorow give indications 
not of subterranean cavities but of dense yolcanic masses. (Parrot, Heise 
zum Ararat, bd. ii. & 143.) In the geodesic operations of Carlini end 
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melaphyre instead of cavities, render it dfficnlt, notwitlu 
etandung the acbnirable simplicity of the method, to arriTe «t 
any great result regarding ihe figure of the Earth from obser« 
vation of the oscillations of the pendulum. In the astrono« 
mical part of the determination of degrees of latitude, moun- 
tain chains, or the denser strata of the Earth, likewise exercise, 
although in a less degree, an imfavourable influence on the 
measurement. 

As the form of the Eartn exerts a powerful influence on 
Übe motions of other cosmical bodies, and especially on that of 
its own neighbouring satellite, a more perfect knowledge of 
the motion of the latter will enable us reciprocally to draw an 
inference regarding the figure of the Earth. Thus, as Laplace 
ably remarks,* " An astronomer, without leaving his obser- 
vatory, may by a comparison of Innar theory with true obser- 
vations, not only be enabled to determine the form and size of 
the Earth, but also its distance from the Sun and Moon — results 
that otherwise could only be arrived at by long and arduoiM 

Plana, in Lombardy, differences rangmg from 20" to 47" '8 We he&k 
found between direct obaeryations of latitude and the results of these 
operations. (See the instances of Andrate and Mondovi, and those of 
Hilan and Paidua, in the Operations Geodes. et Ästron. pour la Mesure 
dun Arc du Parolis Moyen, t. ii. p. 347 ; Effemeridi Astrwi. di Mi- 
lane, 1842, p. 57.) The latitude of Milan, deduced from that of Berne, 
according to the French triangulation, is 46" 27' 52", whUe, according 
to direct astronomical observations, it is 46° 27' 36". As the perturba- 
tions extend in the plain of Lombardy to Parma, which is &r south of 
the Po, (Plana, Op6rat. Oeod., t. ii. p. 847,) it is probable that there are 
deflecting causes concealed beneath the sou of the plain itself. Struve 
has made similar experiments [with corresponding results] in the most 
level parts of eastern Europe. (Schumacher, A stron. Nachrichten, 1 880, 
!Nr. 164, s. 399.) Regarding the influence of dense masses supposed to 
lie at a small depth, equal to the mean height of the Alps, see the ana- 
lytical expressions given by Hossard and Rozet, in the Comptes Rendiis, 
t. xviii., 1844, p. 292, and compare them with Poisson, Traits de Mi- 
canique, (2me €d.) t. i. p. 482. The earliest observations on the inflnenoe 
which different kinds of rocks exercise on the vibration of the pendulum 
Are those of Thomas Young, in the Philos. Transactions for 1819, pp. 
70-96. In drawing conclusions regarding the Earth's curvature from 
. the length of the pendulum, we ought not to overlook the possibilil^ 
that its crust may have undergone a process of hardening, previously ta 
metallic and dense basaltic masses having penetrated from great deptlül^ 
through open clefts, and approached near Üie surfiice. 
* Liaplace, Ev^pos. du Syst, du Monde, p. 281. 
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expeditions to the most remote parts of both hemispheres." 
The compression which may be inferred from limar inequa- 
lities, afl^rds an advantage not yielded by individual measure- 
ments of d^rees or experiments with the pendulum, since 
it gives a mean amount which is referable to the whole 
planet. The comparison of the £arth*s compression with 
the velocity of rotation shows, further, the increase of density 
from the strata from the surface towards the centre — an increase 
which a comparison of the ratios of the axes of Jupiter and 
Saturn with their times of rotation, likewise shows to exiHt in 
these two large planets. Thus the knowledge of the external 
form of planetary bodies leads us to draw conclusions regarding 
their internal character 

The northern and southern hemispheres appear to present 
nearly the same curvature imder equal degrees of latitude, but, 
as has already been observed, penduliun experiments and mea- 
earements of degrees yield such different results for individual 
portions of the Earth's siuface that no regular figure can be 
given which would reconcile all the results hitherto obtained 
by this method. The true figure of the Earth is to a regulai* 
figure as the imeven surfaces of water in motion are to the 
even surface of water at rest. 

When the Earth had been measured, it still had to be 
weighed. The oscillations of the pendulum,* and the plimmiet 
have here likewise served to determine the mean density of 
the Earth; either in connexion with astronomical and geodetic 
operations, with the view of finding the deflection of the plum- 
met from a vertical line in the vicinity of a mountain ; or by a 
comparison of the length of the pendulum in a plain and on 
the summit of an elevation ; or, finally, by the employment of 
a torsion-balance, which may be considered as a horizonally 
vibrating pendulum, for the measurement of the relative density 

* La Caille's penduliun measarements at the Cape of Good Hope, 
which have been calculated with much care by Mathieu, (Delambre, HiaL 
de V Ästron, au lernte Sude, p. 479,) give a compression of ^^^.^ ; but from 
several comparisons of observations made in equal latitudes in the two 
hemispheres, (New Holland and the Malouines (Falkland Islands), com- 
pared with Barcelona, New York, and Dunkirk,) there is as yet no 
reason for supposing that the mean compression of the southern hemi- 
q)here is greater than that of the norüicm. (Blot, in the M^m, de 
VÄcad, de$ Sciences, t viii. 1829, pp. 89-41.) 

X 
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of n^ghbotirmg strata. Of these three methods,* the last is 
the most certain, since it is independent of the difficult deter- 
mination of the density of the mineral masses of which the 
spherical segment of Üie mountain consists, near which the 
obBervations are made. According to the most reoent experi-^ 
ments of Reich, the result obtained is 5 '44 ; that is to say, the 
mean density of the whole Earth is 5*44 times greater than that 
of pure water. As according to the nature of the mineralogical 
strata constituting the dry continental part of the Earth's smv 
&ce, the mean density of this portion scarcely amounts to 2*7, 
and the density of the dry and liquid surfEuce conjointly to 

* The three methods of observation give tha following resoltB: (1) by 
th» deflection of the plumb-line in the proximity of the ShehAlIien 
Mountain, (Gaelic, Thichallin,) in Perthshire, 4*713, as determined by 
Maskelyne, Button, and Playfair, (1774-1776 and 1810,) according to a 
method that had been proposed by Newton ; (2) by pendulum yibrationg 
on mountains, 4*837, (Ctuiini's observations on Mount Oenis compared 
with Biot's observations at Bordeaux, Ejfemer. Attron, diMikmo, 1824, 
p. Ift4) ; (3) by the torsion-balance used by Cavendish, witii an appfr- 
ntus originally devised by Mitchell, 5*48, (according to Button's revision 
of the calculation, 5*32, and according to that of Eduard Schmidt, 5*52; 
Lehrbuch der math. Geographie, bd. i. s. 487) ; by the torsion-balance, 
according to Reich, 5*44. In the calculation of these experimentsof 
Professor Reich, which have been made with masterly accuracy, tiie 
original mean result was 5*43, (with a probable error of only 0*023^) a 
result which being increased by the quantity by which the Earth's centri- 
fugal force diminishes the force of gravity for the latitude of Freibeig, 
(50° 550 becomes changed to 5*44. The employment of masses of cast- 
iron instead of lead, has not presented any sensible difference, or n<»ie 
exceeding the limits of errors of observaticm ; hence disclosing no 
traces of magnetic influences. (Reich, Veratu:he iiber die mittlere Dich- 
tigheit der Erde, 1838, s. 60, 62, and 66.) By the assumption of too 
slight a degree of ellipticity of the Earth, and by the uncertainty of the 
estimations regarding the density of rocks on its sur&ce, the mean 
density of the Earth, as deduced from experiments on and near moun- 
tains, was found about one-sixth smaller than it really is — ^namely, 4*761, 
(Lf^lace, M^can. create, t. v. p. 46,) or 4*785. (Eduard Schmidt, Lehrb. 
der math. Oeogr., bd. i. § 387 und 418.) On Bailey's hypothesis of the- 
Earth being a hollow sphere, (noticed in page 163,) which was the germ 
of Franklin's ideas concerning earthquakes, see PhUoe. Tran&. for the 
year 1693, vol. xvii. p. 563, {On the Structure of the Imtemai Parts of 
the Earth, and the concave habited A rch of the Shell.) Bailey regarded 
it as more worthy of the Creator, " that the Earth, like a house of several 
stories, should be inhabited both without and within. For light in the' 
hollow sphere (p. 576) provifflon might in seme maimer be ooiitri?>ed.^ 
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scarcelj 1 *6, it follows, that the elliptical imequally compressed 
lajrers of liie interior must greatly increase in density towards 
Üie centre, eitiier through pressure or owing to the hetero- 
geneous nature of the substances. Here, again, we see that 
the vertical, as well as the horizontally -vibrating pendulum, 
mOT justly be termed a geognostical instrument. 

The results obtained by the emplojnnent of an instrument 
of Ulis kind, have led celebrated physicists, according to the 
di£E^nce of the hypothesis from which they started, to a^lopt 
entirely opposite views regarding the nature of the interior of 
the globe. It has been computed at what depths, liquid or 
even gaseous substances would from the pressure of their own 
superimposed strata, attain a density exceeding that of platinum 
or even iridium ; and in order that the compression whick has 
been determined within such narrow limits might be brought 
into harmony with the assumption of simple and infinitely 
compressible matter Leslie has ingeniou^y conceived the 
nucleus of 'the world to be a hollow sphere, filled with an as- 
sumed ''imponderable matter, having an enormous force of 
expansion.'' These venturesome and arbitrary conjectures 
have given rise, in wholly imscientific circles, to stül more 
fimtastic notions. The hollow sphere has by degrees been 
peopled with plants and animals, and two snudl subterranean 
revolving.planets— Pluto and Proserpine — ^were imaginatively 
supposed to shed over it their mild light ; as, however, it 
was further imaged that an ever-uniform temperature 
leiened in these mtemal regions, the air, which was made 
self-luminous by compression, might well render the planets 
of this lower world unnecessary. Near the North Pole, at 
82** latitude, whence the polar light emanates, was an enor- 
mous opening through which a descent might be made into 
the hollow sphere, and Sir Humphrey Davy and myself were 
eve& publicly and frequently invited by Captain Symmes to 
entet upon this subterranean expedition: so powerfrd is the 
morbid inclination of men to fill unknown spaces with shapes 
of wonder, totally unmindfrd of the coimter-evidenoe furnished 
by well-attested £M!ts and universally acknowledged natural 
l»w«. Even tfa« celebrated Halley, at ihe end of the seven- 
teenth century, hollowed out the Earth in his magnetic specu- 
latione! Men Were invited to believe that a subterranean 
freelylrotating; nucleus occasions by iti poaitioa the diuznal' 

ac2 
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and oimuoL changes of magnetic declination. It has thus been 
attempted in our own day, with tedious solemnity, to clothe in 
a scientific garb the quaintly devised fiction of the humorous 
Holberg* 

The figure of the Earth and the amount of solidification 
(density) which it has acquired are intimately connected with 
the forces by which it is animated, in so far at least as they 
have been excited or awakened from ^thout, through its 
planetary position with reference to a limiinous central body. 
Compression, when considered as a consequence of centrifugal 
fetee acting on a rotating mass, explains the earlier condition 
of fliddity of our planet. During the solidification of this 
fluid, which is commonly conjectured to have been gaseous 
and nrimordiaUy heated to a very high temperature, an 
enormous quantity of latent heat must have been liberated. 
If the process of solidification began, as Fourier conjectures, 
by radiation from the cooling surface exposed to the atmo- 
sphere, the particles near the centre would have continued 
&id and hot. As, after long emanation of heat from the 
centre towards the exterior a stable condition of the tem- 
perature of the Earth would at length be established, it has 
been assumed, that with increasing depth the subterranean 
heat likewise uninterruptedly increases. The heat of the 
water which flows from deep borings (Artesian wells), direct 
experiments regarding the temperature of rocks in mines, 
but above all, the volcanic activity of the Earth shown by the 
flow of molten masses from open fissures, afford unquestionable 
evidence of this increase for very considerable depths from the 
upper strata. According to conclusions based certainly upon 
mere analogies, this increase is probably much greater towards 
the centre. 

* [The work referred to, one of the wittiest productions of the learned 
Norwegian satirist and dramatist, Holbei^, was written in Latin, and 
first appeared under the following title : Nicolai Klimii iter eubterror 
neum novam UUuris titeoriam ac historiam guinke monarchic^ adhue 
nobis incognitoB exJUbens e bibliothcca b. Abelini. Hqfnics et Lip&UB 
aurrU. Jac. Preusa, 1741. An admirable Danish tnuislation of this 
learned but severe satire on the institutions, morals, and manners of the 
inhabitants of the upper Earth, appeared at Copenhagen in 1789» and 
was entitled, NieU Klinia underjordiahe reise ved Ludwig ffcUferff, 
oversaJt ^er den latinske original of Jena Baggesen. HolbexK vho 
studied for a time at Oxford, was bom at Beigen in 1685^ atid &ä. üi 
1754 as Bector of the UnirerBitj of Copenha£^}-^2ifV'. 
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That which has been learnt by an ingenious analytic cal- 
culation, expressly pei-fected for this class of investigations*, 
regarding the motion of heat in homogeneous metallic sphe- 
roids, must be applied 'with much caution to the actual cha- 
racter of our planet, considering our present imperfect know- 
ledge of the substances of which the Earth is composed, the 
difference in the capacity of heat and in the conducting power 
of different superimposed masses, and the chemictJ changes 
experienced by solid and liquid masses from any enormous 
compression. It is with the greatest difficulty that our powers 
of comprehension can conceive the boundary line which divides 
the fluid mass of the interior from the hardened mineral 
masses of the external surface, or the gradual increase of the 
solid strata, and the condition of semi-fluidity of the earthy 
substances — ^these being conditions to which known laws of 
hydraulics can only apply under considerable modifications, 
llie Sun and Moon, which cause the sea to ebb and flow, most 
probably also aflect these subterranean depths. We may sup- 

* Here we must notice the admirable analytical labours of Fourier, 
Biot, Laplace, Poisson, Duhamel, and Luml In his Theorie nuUh&ma- 
Uque de la Chakur, 1836, pp. 3, 428-430, 486, and 621-624 (see also 
De La Rive's abstract in the BibliotJiigue universale de Cfen^e), Poisson 
has developed an hypothesis totally different from Fourier's view {ThSorie 
4incUytigue de la Ch4deur.) He denies the present fluid state of the 
Earth's centre ; he believes that " in cooling by radiation to the medium 
surrounding the Earth, the parts which were first solidified sunk, and 
that by a double descending and ascending current, the great inequality 
was lessened which would have taken place in a solid body cooling from 
the surface." It seems more probable to this great geometer that the 
solidification began in the parts lying nearest to the centre : " the phe- 
nomenon of the increase of heat with the depth does not extend to the 
whole mass of the Earth, and is merely a consequence of the motion of 
our planetary system in space, of which some parts are of a very dif- 
ferent temperature from others, in consequence of stellar heat (chaleur 
fltelUire.)" Thus, according to Poisson, the warmth of the water of our 
Artesian wells is merely that which has penetrated into the Earth from 
without ; and the Earth itself " might be regarded as in the same cir- 
cumstances as a mass of rock conveyed from the equator to the pole in 
so short a time as not to have entirely cooled. The increase of tem- 
perature in such a block would not extend to the central strata." The 
physical doubts which have reasonably been entertained against this 
extraordinary cosmical view (which attributes to the regions of space 
that which probably is more dependent on the first transition of matter 
condensing from the gaseo-fluid into the solid state) will be found col- 
leeied in Poggendorflf 's Annaien, bd. xxziz. s. 93-100. 
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pose that the periodic elevations and depressions of the molten 
mass under Üie already solidified strata must have caused 
inequalilies in the vaulted surface from the force of pressure. 
The amount and action of such oscillations must, however, he 
small ; and if the relative position of the attracting cosmical 
hodies may here also excite *' spring tides," it is <iertainly not 
to these but to more powerful internal forces that we must 
ascribe the movements that shake the Earth's surfeice. There 
are groups of phenomena to whose existence it is necessary to 
draw attention, in order to indicate the universality of the 
influence of the attraction of the Sun and Moon on the external 
and internal conditions of the Earth, however little we may be 
•aHe to determine the quantity of this influence. 

According to toleraUy accordant experiments in Artesian 
wells, it has been shown that the heat increases en an average 
about 1° for every 54*5 feet. If this increase can be reduced to 
urithmetical relations, it will follow, as I have already ob- 
serred,* that a stratum of granite would be in a state of fusion 

* See The Inirodaetion. This increase of temperature has been 
fonnd m the Pnits de Grenelle at Paris, at 58'3 feet ; in the boring at 
■the new fsalt works at Minden, almost 53*6 ; at Pregi^, near Greneva, 
according to Angnsie de la Rive and Marcet, notwithstanding that the 
mouth oi the boring is 1609 feet above the level of the sea, it is also 
^8*6 feet. This coincidence between the results of a method first pro- 
•posed by Arago, in the year 1821 (Anntiaire du Bureau des Longitudes, 
1885, p. 234), for three different mines, of the absolute depths of 
1794, 2281. and 725 feet respectively, is remarkable. The two points on 
the Earth lying at a small vertical distance from each other, whose annual 
mean temperatures are most accurately known, are probably at the spot 
on which the Paris observatory stands, and the Caves de i'Observatoire 
beneath it : the mean temperature of the former is 51 '''5, and of the 
latter SS'-S, the difference being I'^'S for 92 feet, or 1" for 61-77 feet. 
(Poisson, ThSorie math, de la Chaleur, pp. 415 and 462.) In the 
course of the last 17 years, from causes not yet perfectly understood, but 
probably not connected with the actual temperature of the caves, the 
thermometer standing there has risen very nearly 0'''4. Although in 
Artesian wells there are sometimes slight errors from the lateral permea- 
tion of water, these errors are less injurious to the accuracy of conclusions 
than those resulting from currents of cold air, which are almost always 
present in mines. The general result of Reich's great work on the t«n- 
perature of the mines in the Saxony mining districts, gives a some- 
what slower increase of the terrestrial heat, or 1" to 76'3 feet. (Beidi, 
Beob. über die Temperatur des Gesteins in verschieden en Tiefen, 1S84, 
s. 184.) Phillips, however, found (Pogg. Annalen, bd. xxxiv. s. 191) 
in a shaft of the coal-mine <^Monkweannouth^ near lifewcastle, in whsflh^ 
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«t a depÜL of nearly 21 geographical miloB, or between four and 
&ve times the elevation of the highest summit of the Himalaya. 

We must distinguish in our globe three different modes for 
the transmission of heat. The first is periodic, and affects the 
temperature of the terrestrial strata according as the heat 
penetrates from above downwards, or from below upwards, 
being influenced by the different positions of the Sun and the 
seasons of the year. The second is likewise an effect of the 
Sun, althouffh extremely slow : a portion of the heat that has 
penetratedüito fhe equatorial legi^ moves in the interior of 
the globe towards the poles, where it escapes into the atmo- 
sphere and the remoter regions of space. The third mode of 
transmission is the slowest of all, and is derived from the secular 
cooling of the globe, and from the small portion of the primi- 
tive heat which is stül being disengaged from the surßice. 
This loss experienced by the central heat must have been very 
considerable in the earUest epochs of the Earth's revolutiansy 
but wiüiin historical periods it has hardly been appreciable by 
our instruments. The surface of the Earth is therefore situated 
between the glowing heat of the inferior strata and the uni- 
versal regions of space, whose temperature is probably below 
the freezing-point of merciny. 

The periodic changes of temperature which have been 
occasioned on the Earth's surface by the Sun's position and 
by meteorological processes, are continued in its interior, 
although to a very inconsiderable depth. The slow con- 
ducting power of the ground diminishes this loss of heat 
in the winter, and is very favourable to deep-rooted trees. 
Points that lie at very different depths on the same vertical 
linft attain the maximum and minimum of the imparted 
temperature at very different periods of time. The frurther 
they are removed from the surface the smaller is this dif- 
ference between the extremes. In the latitudes of our teni- 
perate zone (between 48° and 52°) the stratum of invariaUe 
temperature is at a depth of from 59 to 64 feet, and at half 
that depth the oscillations of the thermometer, from tibe 

' as I have already remarked, excayations are gomg on at a depth of about 
1500 feet below the level of the sea, an increase of 1° to 59*06 feet, 
a result almost identical with that found by Aiago in the Pnit« de 
Grenell. 
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infiuence of the seasons, scarcely amonnt to half a degree. In. 
tropical climates this invariable stratum is only one foot below 
the sur&ce, and this &ct has been ingeniously made use of hf 
Boussingault to obtain a conyenient and, as he belieyes» certain 
determination of the mean temperature of the air of di£&rent 
places."*^ This mean temperature of the air at a fixed point, or 
at a group of contiguous points on the sur&ce, is to a certain 
degree the fundamental element of the climate and agricultural 
relations of a district ; but the mean temperature of the whole 
sur&ce is yery different fi-om that of the globe itself. The 
questions so often agitated« whether the mean temperature 
has experienced any considerable differences in the course of 
centuries, whether the climate of a country has deteri(»^tedf 
and whether the winters have not become milder and the 
summers cooler— can only be answered by means of the ther- 
mometer ; ihis instrumeilt has howeyer s^lj been mvented 
more than two centuries and a half, and its scientific applica- 
tion hardly dates back 120 years. The nature and novelty 
of the means interpose, therefore, very narrow limits to our 
investigation regarding the temperature of the air. It is 
^juite othenvise however with the solution of the great problem 
of the internal heat of the whole Earth. As we may judge of 
omiformity of temperature fi:om the unaltered time of vibra- 
tion of a pendulimi, so we may also learn from the imal- 
tered rotatory velocity of the Earth the amount of stability in 
the mean temperature of our globe. This insight into the 
relations between the length of the dmj and the heat of the 
Earth is the result of one of the most brilliant applications of 
the knowledge we had long possessed of the movement of the 
heavens to the thermic condition of our planet. The rotatory 
velocity of the Earth depends on its volume : and, since by 
the gradual cooling of the mass by radiation, the axis of rota- 
tion would become shorter, the rotatory velocity would neces- 
sarily increase, and the length of the day diminish, with a 
decrease of the temperature. From the comparison of the 
secular inequalities in the motions of the Moon vrith the 
eclipses observed in ancient times, it follows that since the 
time of Hipparchus, that is, for fiiU 2000 years, the length of 

* Boussingault^ 8ur la Profondeur ä laqueUe se trouve la cotiche de 
Tempirature invariable entre lea Tropiquee, in the Annalee de Chimie 
et de PhyHque, t liiL, 1833, p. 225-247. 
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the day has certainly not diminished by the hundredth part of 
a second. The decrease of the mean heat of the globe during a 
period of 2000 years has not, therefore, taking the extremest 
limits, diminished as much as yj^th of a degree of Fah- 
renheit.* 

This inyariability of form presupposes also a great invari- 
ability in the distribution of relations of density in the interior 
of the globe. The translatory movements, which occasion the 
eruptions of our present volcanoes, and of ferruginous lava, and 
the filling up of previously empty fissures and cavities with 
dense masses of stone, are consequently only to be regarded as 
alight superficial phenomena affecting merely one portion of 
the Earth's crust, which from their smallness when compared 
to the Earth's radius become whoUy insignificant. 

I have described the internal heat of our planet, both with 
reference to its cause and distribution, almost solely from 
the results of Fourier^s admirable investigations. Poisson 
doubts the &ct of the uninterrupted increase of the Earth's 
beat from the sur&ce to the centre, and is of opinion that all 
heat has penetrated from without inward, and that the tem- 
perature of the globe depends upon the very high or very low 
temperature of the regions of space, through which the solar 
system has moved, lliis hypoüiesis, imagined by one of the 
most acute mathematicians of our time, has not satisfied 
physicists or geologists, or scarcely indeed any one besides 
its author. But whatever may be the cause of the internal 
heat of our planet, and of its limited or unlimited increase in 
deep strata, it leads us, in this general sketch of nature, through 
the intimate connection of all primitive phenomena of matter, 
and through the common bond by which molecular forces are 
united, into the mysterious domain of magnetism. Changes of 
temperature call forth magnetic and electric currents. Ter- 
restrial magnetism, whose main character expressed in the 
threefold manifestation of its forces is incessant periodic 

* Laplace, Mcp. du Syst du Monde, pp. 229 and 263 ; MScanique 
cileste, t. y., pp. 18 and 72. It should be remarked, that the fraction 
sIb of a degree of Fahrenheit of the mercurial thermometer, given in 
the text as the limit of the stability of the Earth's temperature since the 
days of Hipparchus, rests on the assun^ption that the dilatation of the 
sahstances of which the Earth is composed is equal to that of glass, that 
is to 8uy^ Tg Vüö for 1°. Begarding this hyuothesis see Arago, in the 
Annuaire for 1834, pp. 1777190. 
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Tambility, is ascribed either to the heated mass ci the 'Bar& 
itself,* or to those galvanic currents idiioh we consider «is 
electricity in motion, that is, electricity moving in a <dotwd 
circuit.f 

The mysterious course of the magnetic needle is equaSj 
affected by time and space, by the smi's course, and by ohanges 
of place on the earth's surface. Between the tropics, tiie 
hour of the day may be known by the direction of the neecDe 
as well as bv tiie oscillations of tbe barometer, it is alfeeted 
mstantly, but only transiently, by the distant iMrth^m Ibif^t 
as it shoots from the pole, flashing in beams of coloured light 
across the heavens. When the uniform horary motion of the 
needle is disturbed by a magnetic storm, the perturbatkm 
manifests itself stmulianeousli/, in the strictest sense of the 
word, over hundreds and thousands of miles sea and land, or 
propagates itself by degrees in short intervals of time in every 
direction over the earth's 6ur&ce.| In the fonner case, the 

* William Gilbert, of Colchester, whom Galileo pronoanced ** gvniio 
a degree that might be envied/' said " magnns magnes ipse est globus 
terrestris." He ridicules the magnetic mountains of Fnuscatori, the great 
contemporary of Columbus, as being magnetic poles : " rejicienda est 
vulgaris opinio de montibus magneticis, aut rupe aliqua magnetica^, ant 
polo phantastico a polo mundi distante." He assumes the declination of 
the magnetic needle at any given point on the sur&ce of the Earth 
to be invariable (variatio uniusciyusque loci oonstans est), and refeis 
the curvatures of the isogonic lines to the configuration of continents 
and the relative positions of sea basins, which possess a weaker magnetic 
force than the solid masses rising above the ocean. (Gilbert, de Moffnete, 
ed. 1633, pp. 42, 98, 162, and 156.) 

f Gauss, Allgemeine Theorie des Erdmagnetismue, in 'fixe R^mdltoM 
au8 den Beob des magnet. Vereins, 1838, s. 41, p. 66. 

t There are also perturbations which are of a local character, and do 
not extend themselves far, and are probably less deep-seated. Some 
years ago I described a rare instance of this kind, in which an extia* 
ordinary disturbance was felt in the mines at Freibeig, but was not 
perceptible at Berlin. {Lettre de M. de Humboidt d, Son AUeese RofdU 
le Due. de Sussex sur les moyens propres äperfectionner la connaiesance 
du Magnätisme Terrestre, in. Becquerel's, Traits expSrimental de VSkc- 
tridtij t. vii. p. 442.) Magnetic storms, which were simultaneously felt 
from Sicily to Upsala, did not extend from Upsala to Alten. (Gauss and 
Weber, Resultate des magnet, Vereins, 1839, § 128 ; Lloyd, in the 
Comptes Rendus de VAcad. des Sciences, t. xiii. 1843, S^m, ii. p. 7-35in<l 
827.) Amongst the numerous examples that have been recently obsinred, 
of perturbations occurring simultaneously and extending over ,^in4o 
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«mmltaneoiis manifestatioii of the fitorm may serve, within 
•eertaia limitatioiis, like Jupiter's satellites, fire-siguals and 
■^ff^U-^bserved fidls of shooting stars, for the geographical 
■determination of degrees of longitude. We here recognise 
with aatanishment, that the perturbations of two small mag- 
netio needles, even if suspended at great depths below the 
smfEiee, can measuze the distances apart at which they are 
plaoed, teachipg us, for instance, how &r Kasan is situated 
•east of Göttingen, or of the banks of the Seine. There are also 
■distriots in the earth "vidiere the mariner, who has been en- 
-vdbped for many days in mist, without seeing either the son 
or -stars, and deprived of all means of detemdning the time, 
may know with certainty, from the variations in the iacli- 
.natum of the magnetic needle, whether he is at the north or 
Ihe south of the port he is desirous of entering.* 

portioiis of the Earth's sor&ce, and wMch are collected in Sabine's 
important work {Ohaerv. on days of unuaiud magnetic disturbance, 
1848)^ one of the most remarkable is that of the 25th of September^^ 
1841, which was observed at Toronto in Canada, at the Cape of Quod 
Hope, at Pragae, and partially in Van Diemen's Land. The English 
Sonday, on which it is deemed sinful, after midnight on Saturday, to 
register an observation, and to follow out the great phenomena of creation 
in their perfect devcdopment, interrupted the observations in Van 
Diemen's Land, where, in consequence of the di£ference of the longitude, 
the magnetic storm fell on the Sunday. {Obaerv., p. xiv. 78, 85 and 87.) 
* I have described, in Lam6therie's Joumid de Physique, 1804, 
t. liz. p. 449, the application (alluded to in the text) of the magnetic 
' iadination to the deibennination of latitude along a coast running north 
and waaih, and which, like that of Chili and Peru, is for a part of the 
year enveloped in mist (garua). In the locality I have just mentioned, 
this application is of the greater importance, because, in consequence of 
the strong current running northwards as fiur as to Cape Parefia, navi- 
gatom incur a great loss of time if they approach the coast to the north 
of the haven they are seeking. In the South Sea, from Callao de Lima 
liarbour to Truzillo, which d^fer from each other in latitude by S"" 57^ 
I have observed a variation of the magnetic inclination amounting to 9** 
(eentesimal division) ; and from Callao to Guayaquil, which differ in 
laÜtade by 9** 5(K, a variation of 23'''5. (See my Belat. hist, t. iii. 
p. 622.) At Guarmey (10° 4' south lat.), Huaura (11" 3' south lat), 
and Chancay (ir 32' south lat), the inclinations are 6'"80, 9% and lO^'-SÖ 
of the centesimal division. The determination of position by means 
of the magnetic inclination has this remarkable feature connected with 
it> that where the ship's course cuts the isoclinal line almost perpen- 
dienlariy, it is the only one that is independent of all determination of 
time, and consequently of obeorvotions of the sun or stars. It is only 
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When the needle, by its sudden disturbance in its horaij 
course, indicates the presence of a magnetic storm, we are 
still unfortimately ignorant, whether the seat of the disturbing 
cause is to be sought in the earth itself, or in the upper regions 
of the atmosphere. If we regard the earth as a true magnet, 
we are obliged, according to the views entertained by Pricdridi 
Oauss (the acute propounder of a general theory of terrestrial 
magnetism), to ascribe to every portion of the globe measur- 
ing one-eighth of a cubic metre, (or, 3-^ of a French cubic 
foot) in volume, an average amount of magnetism equal to 
that contained in a magnetic rod of lib. weight.* If mm. 
and nickel, and probably also cobalt (but not chrome, as has 
long been believed) ,f are the only substances which become 
permanenüy magnetic, and retain polarity from a certain 
coercive force, the phenomena of Arago*s magnetism of 
rotation and of Faraday's induced currents show, on the 
other hand, that all telluric substances may possibly be made 
transitorily magnetic. According to the experiments of the 
£rst-mentioned of these great physicists, water, ice, glass, 
and carbon affect the vibrations of the needle entirely in the 
«ame manner as mercury in the rotation experiments.! 

lately that I discoyered, for the first time, that as early as at the close of 
the sixteenth century, and consequently hardly twenty yeiirs after Bobert 
Korman had invented the inclinatorium, William Qübert, in his great 
work De Magnete, proposed to determine the latitude by the inclination 
of the magnetic needle. Gilbert (Physiologia Nova de Magnete, lib. t. 
•cap. 8, p. 200) commends the method as applicable " atire caliginoso.** 
Edward Wright, in the introduction which he added to his master's 
great work, describes this proposal as " worth much gold." As he fell 
into the same error with Gilbert, of presuming that the isoclinal lines 
'Coincided with the geographical parallel circles, and that the magnetic 
and geographical equators were identical, he did not perceive that the 
proposed method had only a local and very limited application. 

* Gauss and Weber, Beaultate des magnet. Vereins, 1838, § 31, s. 146. 

+ According to Faraday {London and Edinburgh Philosophical 
Magazine, 1836, vol. viii. p. 178) pure cobalt is totally devoid of mag« 
netic power. I know, however, that other celebrated chemists (Heinridi 
Bose and Wöhler) do not admit this as absolutely certain. If out of two 
carefully-purified masses of cobalt totally free £rom nickel, one appears 
altogether non-magnetic (in a state of equilibrium), I think it probable 
that the other owes its magnetic property to a want of purity ; And this 
opinion coincides with Faraday's view. 

X Arago, in the Annales de Chimie, t. zxxii. p. 214; Brewster, 
"Treatise on Magnetism, 1837, p. Ill ; Baumgartner, in the Zeitkhrifi 
f&r Phys, und MaÜiem., bd. il s. 419. 
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Almost all substances show themselves to be, ia a certain 
deg;ree, magnetic when they are conductors, that is to say, 
jAjsbl a current of electricity is passing through them. 

Although the knowledge of tiie attracting power of native 
ixon-magnets or loadstones appeai-s to be of very ancient 
date ^amongst the nations of the West, there is strong historical 
evidence in proof of the striking fact, that the knowledge of 
the directive power of a magnetic needle and of its relation to 
terrestrial magnetism was peculiar to the Chinese, a people 
living in the extremest eastern portions of Asia. More than 
a thousand years before our era, in the obscure age of Codrus 
and. about the time of the return of the Hera^lida) to the 
Peloponnesus, the Chinese had already magnetic carriages, on 
whidi the movable arm of the figure of a man continually 
pointed to the south, as a guide by which to find the way 
across the boundless grass plains of Tartary ; nay, even in the 
third century of our era, Öierefore at least 700 years before 
the use of the mariner's compass in European seas, Chinese 
vessels navigated the Indian Ocean* under the direction of 
magnetic needles pointing to the south. I have shown, in 
another work, what advantages this means of topographical 
direction, and the early knowledge and application of the 
magnetic needle gave the Chinese geographers over the 
Ghreeks and Romans, to whom, for instance, even the true 
direction of the Apennines and Pyrenees always remained 
imknown.t 

The magnetic power of our globe is manifested on the ter- 
restrial surface in three classes of phenomena, one of which 
exhibits itself in the varying intensity of the force and the 
two others in the varying direction of the inclination, and in 

* Humboldt, JEhcamen critique de VHiat, de la Oiographie, i, iii. 
p. 86. 

t AHe Centrale, t. i. Introduction, pp. xxzyiii-zlii. The Western 
nations, the Qreeks, and the Romans, knew that magnetism could be com- 
municated to iron, and that that metal wovld retain it for a iength of 
tme. {" Sola hoec materia ferri vires, a magneto lapide accipit, retinet- 
que longo tempore." Hin. xxxiv. 14.) The great discovery of the ter- 
restrial directive force depended therefore alone on this, that no one in 
the West had happened to observe an elongated fragment of magnetie 
iron stone, or a magnetic iron rod, floating, by the aid of a piece of wood, 
in water, or suspended in the air by a thread, in such a position as to 
admit of free motion« 
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the horizontal deviatioii from the terrestrial meridian of tlia 
spot. Their combined action may, therefore, be graphieaUf 
represented by three systems of lines, the tsodynanuc, vtoclimai 
aiui iaogonic (or those of equal force, equal inclination, and 
equal declination). The distances apart and the relative posU 
tions of these moving, oscillating, and advancing curve», d» 
not always remain the same. The total deviation (variatKxa or 
declination of tho magnetic needle) has not at all changed, at, 
at any rate, not in any appreciable degree during a whole 
century, at any particuhtr point on the earth's surfaoe,"*^ as, 
for instance, the western part of the Antilles, or Spitzbergen. 
In like manner, we observe that the isogenic curves, when 
they pass in their secular motion from the surßice of the sea 
to a continent or an island of considerable extent, continTie 
for a long time in the same position, and become inflected as 
th^ advance. 

These gradual changes in the forms assumed by the lines 
in their translatory motions, and which so imequally modifjT 
the amount of eastern and western declination, in the course 
of time render it difficult to trace the transitions and ana- 
logies of forms in the graphic representations belonging to 
different centuries. Each branch of a curve has its history, 
but this history does not reach fiirther back amongst the 
nations of the West than the memorable epoch of the 13th of 
September, 1492, when the re-discoverer of the New World 
found a line of no variation 3° west of the meridian of the 
Island of Flores, one of the Azores.f The whole of Europe, ex- 

* A very slow secular progression, or a local invariability of the mag- 
netic declination, prevents the confusion which might arise from terres- 
trial influences in the boundaries of land, when, with an utter disregard 
for the correction of declin tion, estates are, after long intervals, 
measured by the mere application of the compass. '' The whole mass of 
West Indian property," says Sir John Herschel, ''has been saved from 
the bottomless pit of endless litigation by the invariability of the mag- 
netic declination in Jamaica and tiie surrounding Archipelago during 
the whole of the last century ; all surveys of property there having been 
conducted solely by the compass." See Robertson, in the PhUosophieal 
TroMOctions for 1806, part iL p. 848, On the permanenqf of the Com- 
pass in Jamaica since 1660. In the mother country (England) the 
magnetic declination has varied by ftdly 14* during that period« 

t I have elsewhere shown that, fhmi the documents which have come 

d&wn'to us regarding the voyages of OohanboB, we can, with mndi 

cert&inty, £x upon three places in the AtlomUc Uive o/no dedUnatUm 
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' orating a small 'part of Russia, has now a western declination, 
irailBt at the dose of tiie seventeentli century the needle first 
iMBited doe north, in London in 1657, and in Paris in 1669, 
tkware being thus a di£^rence of twelve years, notwithstanding 
tfa» Bmall distance between these two places. In eastern 
RoBsia to the east of the mouth of the Volga, of Saratow, 
Niaohni-Nowgorod and Archangel, the easterly declination of 
Aaa is advancing towards ns. Two admirable observers, 
Hanateen and Adolphns Erman, have made us acquainted 
mäk the remaibble donble curvature of the lines of decli- 
ludum in the vast region of Northern Asia : these being con- 
ovfe towards the pole between Obdorsk, on the Oby, and 
Tomehansk, and convex between the Lake of Baikal and the 
GKilf €i Ochotsk. In this portion of the Earth, in northern 
Asia, between the mountains of Werchojansk, Jakutsk, and 
the northem Korea, the isogonic lines form a remarkable 
oloaed system. This oval configuration* recurs regularly, 

for the ISih of September, 1492, the 2l8t of May, 1495, and the 16th 
of August, 1498. The Atlantic line of no declination at that period 
rm tram north-east to fronth-west It then touched the South American 
eanÜnent a little east of Gape Codera, while it is now obsenred to reach 
that continent on the northern coast of the BrasilB. (Humboldt, J^^men 
critique de VHiai. de la Q^ogr,, t. iii. pp. 44-48.) From Gil'>ert's 
Ph^8%olo(fia Nova de Magnete, we see plainly (and the fact is very 
renuEu^able) that in 1600 the declination was still null in the region of 
the Azores, just as it had been in the time of Columbus (lib. 4, cap. 1.) 
I believe that in my Bxamen critique (t. iii. p. 54) I have proved from 
dooom^its, that the celebrated line of demarcation by which Pope 
Alexander YI. divided the Western hemiq>here between Portugal and 
Spain» was not drawn through the most western point of the Azores, 
because Columbus wished to convert a physical into a political division. 
He attached great importance to the zone (raya) " in which the compass 
shows no variation, where air and ocean, the latter covered with pastures 
of searweed, exhibit a peculiar constitution, where cooling winds begin 
to blow, and where [as erroneous observations of the polar star led him to 
imagine] the form (sphericity) of the Earth is no longer the same." 

* To determine whether the two oval systems of isogenic lines, so 
singnlariy included each within itself, will continue to advance for ceo;* 
turies in the same inclosed form, or will unfold and expand themselves 
is a question of the highest interest in the problem of the physical eauses 
of terrestrial magnetism. In the Eastern Asiatic nodes the declination 
increases from without inwards, while in the node or oval system of the 
Soutii Sea the opposite holds good ; in fact at the present time, in 
the whole Sovth Sea to the east of the meridian of Kamtschatka» 
there is no line where thedeelinftlioD is null, or indeed in which it is 
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and orer a great extent of the South Sea, ahnost as &r as llie 
meridian of Pitcaim and the group of tiie Marquesa TalMi^ 
between 20^ north and 45** south lat. One would almost be 
inclined to regard this singular configuration of dosed, almost 
concentric lines of declination, as the effect of a local cha- 
racter of that portion of the globe ; but if in the course of 
centuries these apparently isolated systems should also advance^ 
we must suppose, as in the case of all great natural foroes, 
that the phenomenon arises from some general cause. 

The horary variations of the declination, which, althoudi 
dependent upon true time, are apparently governed by lae 
Sun, as long as it remains above the horizon, iliTninigh ii 
angular value with the magnetic latitude of place. Near the 
equator, for instance, in the island of Eawak, they scarcely 
amount to three or four minutes, whilst they are from thirteea 
to fourteen minutes in the middle of Europe. As in the 
whole northern hemisphere the north point of the needle 
moves &om east to west on an averaee from 8^ in the morn- 
ing untü H at mid-day, whilst in me southern hemisphere 
the same north pokit moves from west to east,* attention has 
recently been dmwn, with much justice, to the &ct, that there 
must be a region of the Earth between the terrestrial and the 
magnetic equator, where no horary deviations in the declina- 
tion are to be observed. Tlus fourth curve, which might be 
called the curve of no motion, or rather the line of no variation 
of horary declination, has not yet been discoverea. 

The term magnetic poles has been applied to those points of 
the Earth's sur&ce where the horizontal power disappears, 
and more importance has been attached to these points than 
properly appertains to them ; f and in like manner the curve, 
where Üie inclination of the needle is null, has been termed 
the magnetic equator. The position of this line and its secular 

less than 2*" (Erman, in Pogg. Annal, bd. zxxi. § 129). Tet ComeUus 
Schonten, on Easter Sunday, 1616, appears to have found the declination 
nnll, somewhere to the south-east of Nukahiva, in 15*" south lat and 
132'' west long., and consequently in the middle of the present dosed 
isogonal i^ystem. (Hansteen, Magnet, der Erde, 1819, § 28.) It must 
not be forgotten, in the midst of all these considerations, that we can 
«nly follow the direction of the magnetic lines in their progress, as they 
are projected upon the surface of the Earth, 

* Arago, in the Annuaire, 1836, p. 284, and 1840, pp. 8M-388U 

t QauM^ AUg, Theorie dee Erdmagnet,, § 81« 



ehange of configuration, have been made an object of earciul 
inTealigation in modem times. AccordinE; to the admimblc 
"würk of Duperrey,* who crossed the magnetic equator six times 
betfreen 18'22 and 1823. the nodfs of the two equators, that 
ia to Bay, the two points at which the line witliout inch'nntion 
intereecta the terrestrial equator, and consequently passes from 
one hemisphere into the other, aie eo uneqiiaUy placed, that in 
1825 the node near the island of St. Thomas, on the western 
coast of Africa, was 1 88^." distant irom the node in the Soutli 
8e», close to the little islands of Gilbert, nearly in the meri- 
dian of the Viti group. In the beginning of the present cen- 
tory. at an ckvation of 11,93(> feet ahoie the level of the sea, 
I made an astronomical determination of the point (7^ 1' south 
Ut., 48° 40' west long, from Paris), where, in the interior of 
■Ae New Continent, the chain of tie Andes is intersected by 
üie magnetic equator between Quito and Lima. To the west of 
this point, the magnetic equator continues to traverse the 
South Sea in the southern hemisphere, at the same time slowly 
diawir^ near the terrestrial equatoi*. It first passes into the 
northern hemisj^ere a little beibre it approaches the Indian 
ArchiiwlBgo, just touches the southem points of Asia, and 
raters the African, continent to tlie west of Socotora, almost in 
the Straits of Bab-el-Mandeb, where it is most distant from 
the tenrestrial equator. After intersecting tie unknown regions 
of the interior of Africa in a south-west direction, the 
magnetie equator re-enters the south tropical zone, in the Gulf 
o( Guinea, and retreats so far from the terrestrial equator, that 
it touches the Brazilian coast near Os Hheoa, north of Porto 
Seguro, in 1 5" south lat. From thence to the elerated plateaux 
of the CordUleras, between the silver mines of Micuiparapa 
and Casamarca, the ancient scat of the Incaa, where I observed 
the inclination, the line traverses the whole of South America, 
which !n these latitudes is as much a magnetic lerra inca^ita 
Bi the interior of Africa. 
The recent observations of Sabine f have shown that the 

• Dnperrej, Dc la Conjignratton de TBgvaiexir Maiptitique, io ths 
Aimalet de Giimie, t. ilr, pp. 3T1 and 3T9. {See abo Morlet, in tha 
Jfiteofre» prisoMt par divert Savwtt ä tAead. Soy. del Seitnett, 
k lii. p. 182.) 

+ iieG the remarkable chart of isoclinic lines in the Atlaatk Ocean for 
Uie yem 1S25 and 1S37, in Sabine's ConiribuHoM io Teneattiai Mof 
- - 1840, p, 18f. „ 
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node near the Island of St. Thomas has moved 4° from east io 
west between 1825 and 1837. It would be extremely import- 
ant to know whether the opposite pole near the Gilbert Isbui^ 
in the South Sea has approached the meridian of the Csxo- 
linas in a westerly direction. These general reimarks miXi 
be sufficient to connect the different systems of isodinie qqd- 
parallel lines with the great phenomenon of equuibdum v^üob 
IS manifested in the magnetic equator. It is no smaB^- 
vantage, in the exposition of the laws of terrestrial magnetisiB, 
that the magnetic equator (whose oscillatory change of fonn,«id 
whose nodal motion exercise an influence on the indinatiim fif 
the needle in the remotest districts of the world, in conseqi&aBee 
of the altered magnetic latitudes,)* shoidd traverse the ooespi 
throughout its whole course, excepting about one-fifth, asii 
consequently be made so much more accessible, owing to tiie 
remarkable relations in space between the sea and land, aoiio 
the means of which we are now possessed for determinnig 
with much exactness both the declination and the incUnation 
at sea. 

We have described the distribution of magnetism on the 
surface of our planet according to the two forms of decUmUm 
and inclinoUion ; it now therefore remains for us to speak of 
the intensity of the foroe which is graphically expressed byiso- 
dynamic curves (or lines of equal intensity.) The investigatioii 
and measurement of this force by the oscillations of a verti- 
cal or horizontal needle, have only excited a general and 
lively interest in its telluric relations since the beginning of 
the nineteenth century. The application of delicate optical 
and chronometrical instruments has rendered the measure- 
ment of this horizontal power susceptible of a degree of accor 
racy &r surpassing that attained in any other magnetic 
determinations. The isogenic lines are the more important is 
iheir immediate application to navigation, whilst we find from 
the most recent views that isodynamic lines, especially tiiiose 
which indicate the horizontal force, are the most valuable 
elements in the theory of terrestrial magnetism. J- One of 

' ♦ Humboldt, Ueber die aeculäre »Veränderung der muzffnetteeh^ 
fncHnation, (On Üie secular Change in the Magnetic Inclination) li 
Pogg. Ännal.f bd. xv. s. 322. 

t Gauss, BesvUaU der Beob, dee magn, Vereins, 1838, § 21 ; Batubiy 
^^Wt on the Variations xf(he Magnetic Intensity, p. 68. 
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tJie earliest hcis yielded by observation is, that the intensity 
of the total force increases from the equator towards the pole.* 
The knowledge which we possess of the quantity of this 
increase, and of all the numerical relations of the law of 
intensity affecting the whole Earth, is especially due, since 

* The following is the histoiy of the diacoyeiy of the law that the 
intenai^ of the force increaBes (in general) with the magnetic latitude. 
When 1 was anxions to attach myself in 1798 to the expedition of 
C?^r*.M" Baudin, who intended to drcnnmavigate the globe, I was re- 
qaeBted by Borda» who took a wann interest in the success of my project^ 
to examine the oscillations of a vertical needle in the magnetic meridian 
in different latitudes in each hemisphere, in order to determine whether 
ihe intensity of the force was the same, or whether it varied in different 
places. During my travels in the tropical regions of America, I paid 
vneh attention to this subject. I observed that the same needle which in 
the space of ten minutes made 245 oscillations in Paris, 246 in the Ha- 
vanna^ and 242 in Kezico, performed only 216 oscillations during the 
same period at St Carlos del Rio Negro {V 53' north lat. and 80** 40' west 
long, from Paris), on the magnetic equator, t. e. the line in which the in- 
dinatioii= 0; in Pern (7*" 1' south lat and 80** 40' west long, from Paris) 
oiily211 ; while at Lima (12° 2'south lat) the number rose to 219. Ifound, 
in the years intervening between 1799 and 1803, that the whole force, if 
we asBume it at 1*0000 on the magnetic equator in the Peruvian Andes, 
between Micuipampa and Cazamarca, may be expressed at Paris by 
1*8482, in Mexico by 1'3155, m San Carlos del Bio Negro by 10480, 
and in Lima by 1*0778. When I developed this law of the variable 
intensity of terrestrial magnetic force, and supported it by the numerical 
Talne of observations instituted in 104 different places, in a Memoir 
lead before the Paris Institute, on the 26th Frimaire, An XIII. (of 
irliich the mathematical portion was contributed by M. Biot), the facts 
-were regarded as altogether new. It was only after the reading of tiie 
paper, as Biot expresäy states (Lam^therie, Journal de Physique, t lix. 
p. 446, note 2), and as I have repeated in the Relation historique, t i. 
p. 262, note 1, that M. de Rössel communicated to Biot his oscillation- 
experiments made six years earlier (between 1791 and 1794) in Tan 
Diemen's Land, in Java» and in Amboyna. These experiments gave 
Cfridencc of the same law of decreasing force in the Indian Archipelago. 
It must^ I think, be supposed that this excellent man, when he wrote 
his work, was not aware of the regularity of the augmentation and dimi- 
nution of the intensity, as before the reading of my paper he never 
mentioned this (certainly not unimportant) physical law to any of our 
mutual friends. La Place, Delambre, Prony, or Biot It was not till 
1808, four years after my return from America, that the observations 
made by M. de Eossel were published in the Voyage de VEntrecasteavx, 
t ii pp. 287, 291, 321, 480, and 644. Up to the present day it is stiU 
Visual, in all the tables of magnetic intensity which have been published 
in Qermany (Hansteen, Magnet, der Erde, 1819, s. 71; Gauss, Beob. 

n2 
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1819, to the unwearied activity of Edward Sabine, who, after 
haying observed the oscillations of the same needles at the 
American north pole, in Greenland, at Spitzbergen, and on the 

des magnet Vereins, 1838, a. 36~S9 ; Erman, PhysikcU, Beoh^ 18il, 
8. 629-Ö79), in England (Sabine, Report on Magnet. Intensity, 1888, 
p. 48-62; Contrtbutiona to Terrestrial Magnetism, 1843), and in. 
France (Becquerel, TraitS de Electr. et de MagnH., t. vii. p. 354-867), 
.to reduce the oscillations observed in any part of the Earth to the stand- 
ard of force which I found on the magnetic equator in Northern Pern ; 
80 that, according to the unit thus arbitrarily assumed, the intensity fk 
the magnetic force at Paris is put down as 1'348. The obser?ation8 
made by Lamanon in the unfortunate expedition of La Perouse, during 
the stay at Teneriffe (1785), and on the voyage to Macao (1787), are still 
older than those of Admiral Rössel. They were sent to the A(^emy of 
Sciences, and it is known that they were in the possession of Condoroet 
in the July of 1787 (Becquerel, t. vii. p. 820) ; but notwithstanding the 
most careM search, they are not now to be found. From a copy of a 
very important letter of Lamanon, now in the possession of Oaptahi 
Duperrey, which was addressed to the then perpetual secretary of the 
Academy of Sciences, but was omitted in the narrative of the Voyojge 
■de La Perouse, it is stated " that the attractive force of the magnM 
is less in the tropics than when we approach the poles, and that the 
jnagnetic intensity deduced from the number of oscillations of the needle 
of the inclination-compass varies and increases with the latitude." 
If the Academicians, while they continued to expect the return of the 
unfortunate La Perouse, had felt themselves justified, in the course of 
1787, in publishing a truth which had been independently discovered 
by no less than three different travellers, the theory of terrestrial mag- 
netism would have been extended by the knowledge of a new class of 
observations, dating eighteen years earlier than they now do. This 
simple statement of facts may probably justify the observations contained 
in the third volume of my Relation historique (p. 615) : — " The obser- 
vations on the variation of terrestrial magnetism, to which I have 
devoted myself for thirty-two years, by means of instruments which 
admit of comparison with one another, in America, Europe, and Asia, 
embrace an area extending over 188 degrees of longitude, from the 
frontier of Chinese Dzoungarie to the west of the South Sea bathing the 
coasts of Mexico and Peru, and reaching from ÖO** north lat. to 12** south 
lat I regard the discovery of the law of the decrement of magnetic force 
from the pole to the equator, as the most important result of my American 
voyage." Although not absolutely certain, it is very probable that Con- 
dorcet read Lamanon's letter of July 1787 at a meeting of the Paris 
Academy of Sciences ; and such a simple reading I regard as a suffieient 
act of publication. (Annvmre du Bureau des Longitudes, 1842, p. 463.) 
The first recognition of the law belongs, therefore, beyond all question, 
to the companion of La Perouse ; but long disregarded or forgotten, the 
lüiowle^t of the law that the intensity of the magnetic force of the 
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coasts of Ouinea and Brazil, has continued to collect and arrange 

flU the facts capable of explaining tlie direction of the isodyna- 

mic lines. I have myself given the first sketch of on isod jnamic 

fljBtem in zones for a small part of South America. These lines 

sre not parallel to lines of equal inclination (isoclinic lines), and 

the intensitY of the force is not at its minimum at the magnetic 

equator, as has been supposed, nor is it even equal at all parts of 

it. If we compare Erman's observations in the southern part of 

the Atlantic Ocean, where a ÜEunt zone (0*706) extends from 

Angola over the idand of St. Helena to the Brazilian coast, 

wim the most recent investigations of the celebrated navigator 

James Clarke Boss, we shall find that on the surface of our planet 

the force increases almost id the relation of 1 : 3 towards the 

nmgnetic south pole, where Victoria Land extends from Cape 

Crozier towards the volcano Erebus, which has been raised to 

an elevation of 12,600 feet above the ice.* K the intensity 

near the magnetic South Pole be expressed by 2*052 (the 

unit still employed being the intensity which I discovered on 

the magnetic equator in Northern Peru), Sabine found it was 

only 1*624 at the magnetic North Pole near Melville Island 

(74** 27' north lat.), whilst it is 1*803 at New York, in the 

United States, which has almost the same latitude as Naples. 

Earth varied with the latitude, did not, I conceive, acquire an existence 
in science until the publication of my observations from 1798 to 1804. 
The olgect and the length of this note will not be indifferent to those who 
are fiunUiar with the recent history of magnetism, and the doubts that 
have been started in connexion with it, and who, from their own expe- 
rience, are aware that we are apt to attach some value to that which baa 
cost TUB the uninterrupted labour of five years under the pressure of a 
tropical climate, and of perilous moimtain expeditions. 

* From the observations hitherto collected, it appeuB that the- 
TOn-riTniim of intensity for the whole surface of Üie Earth is 2*052, and 
the iwinimnm 0*706. Both phenomena occur in the southern hemi> 
sphere : the former in 78** 47' S. lat, and 169*" 80' £. long, from Paris, 
near Mount Crozier, west-north-west of the south magnetic pole, at a place 
where Captain James Ross found the inclination of the needle tobe87*'llV 
(Sabine^ ContribiUions to Terrestrial Moffnetiam, 1848, No. 5, p. 281); 
the latter, observed by Erman, at 19" 59' S. lat, and 87** 24' W. long, from 
TmB, 820 miles eastward from the Brazilian coast of Espiritu Santo 
'Quman, Phys. Beob., 1841, s. 570), at a point where the inclination is. 
only 7" 55'. The actual ratio of the two intensities is therefore as 1 to 
2*906. It was long believed that the greatest intensity of the magnetie 
force was only two and a half times as great as the weakest exhibited. 
on oar Earth's sorfiice. (Sabine^ Export on Magnetic Jntenaity, p. 82.) 
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' The brilliant discoveries of Oersted, Arago, and Faradar- 
have established a more intimate connexion between te 
electric tension of the atmosphere and the magnetic tension ot 
onr terrestrial globe. Whilst Oersted has discovered tiuit 
electricity excites magnetism in the neighbourhood of Üit 
conducting body, Faraday's experiments luive elicited eieetrie- 
currents from the Uberated magnetism. Magnetism is (»8 ol 
the manifold forms imder whidi electricity reveals itseHl The 
ancient vague presentiment of the id^itity of electric and 
magnetic attraction has been verified in our own times» 
" When electrum (amber)," says PHny, in the spirit of tiie 
Ionic natural philosophy of Thales,* '^ is animated by Motiflft 
and heat, it will attract bai^ and dry leaves, precisely as tha 
loadstone attracts iron." The same words may be found in 
the literature of an Asiatic nation, and occur in a eulogimn 
on the loadstone by the Chinese physicist, Kuopho.f I 
observed with astonishment, on the vn)ody banks of the Ori- 
noco, in the sports of the natives, that the excitement ol 
electricity by Motion was known to these savage races, who- 
occupy the very lowest place in the scale of humanily. 
Children may be seen to rub the dry, fiat and shining seeds or 
husks of a trailing plant (probably a Negreiia) until they are 
aJble to attract threaids of cotton and pieces of bamboo cane^ 
That which thus delights the naked copper-coloured Indian is 
calculated to awaken in our minds a deep and earnest im^ 
pression. What a chasm divides the electric pastime of these 
savages fi*om the discovery of a metallic conductor, dischai^- 
ing its electric shocks, or a pile composed of many chemically 

* Of amber (succiiram, gleeBum) Pliny observes (xxxvii. 8.), " Genva 
ejus plura. Attritu digitorain accepta «doris anima trahunt in se paleas 
ae fdia arida qnee levia sunt, ac ut magnes lapis ferri ramcnta qnoqne." 
(Plato, in TimcBO, p. 80. Martin, Etude «er h Timie, t ii, p. 348-846. 
Strabo, xv., p. 703, Ctisaub. ; Clemens Alex., Strom., ii., p. 370, where BiA* 
gtalarly enough a difference is made between rb (rovxtov and r6 -IjXsKrpov) 
When Thales, in Aristot. de Änima, 1, 2, and Hippias, in Diog. Laeri, 
i^ 24, describe the magnet and amber as possessing a sonl, they refer only 
to a moving principle. 

f " The magnet attracts iron as amber does the smallest grain (^ 
xfeostard-seed. It is like a breath of wind which mysteriously penetrates 
through both; and commimicates itself with the rapidity of an arrow."' 
ISiese are the words of Euopho, a Chinese panegyrist on the magnet^ 
yAio wrot6 in the beginning of the fourth century. (Klaproth, iMrt"^* 
M^, A, de Hwmholdtf «ur f Invention de la Bouisoi^ 1884> p. 125.) 
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decomposing substances, or a light-engendering magnetic 
apparatus ! In such a chasm lie buried thousands of years 
tfaftt compose the history of the intellectual development of 
maakind! 

The incessant change or oscillatory motion which we dis- 
cover in all magnetic phenomena, whether in those of the 
incfiiiation, declination and intensity of these forces, according 
to tiie hours of the day and the night, and the seasons and 
the course of the whole year leads us to conjecture the ex- 
istence of v^ery various and partial systems of electric currents 
on the surBsu^e of the Earth. Are these currents, as in SeebecVs 
experiments, thermo-magnetic, and excited directly from im- 
equal distribution of heat ? Or, should we not raäier regard 
them as induced by the position of the Sun and by solar heat ?* 
Have the rotation of the planets, and the different degrees 
of velocity which the individual zones acquire according to 
their respective distances from the equator, any influence on 
the distribution of magnetism ? Must we seek the seat of 
these currents, that is to say, of the disturbed electricity, in 
the atmosphere, in the regions of planetary space, or in the 
polarity of the Sun and Moon ? Galileo, in his celebrated 
Dialogo, was inclined to ascribe the parallel direction of the 
aads' of the Earth to a m^^etic point of attraction seated 
in universal space. 

If we represent to ourselves the interior of the Earth as fused 
abd undergoing an enormous pressure, and at a degree of 
temperature the amount of which we are tmable to assign, we 
must renounce all idea of a magnetic nucleus of the Earth. 
All magnetism is certainly not lost imtil we arrive at a white 
heat,f and it is manifested when iron is at a dark red heat ; how- 
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The phenomena of periodical yariationg depend manifestly on tlie 
action of solar heat, operating probably through the medium of thermo- 
^ectric currents induced on the Earth's surface. Beyond this rude guess, 
however, nothing is as yet known of their physical cause. It is even 
still a matter of speculation, whether the solar influence be a principal 
or only a subordinate cause, in the phenomena of terrestrial magnetism." 
(Observations to be made in tJie Antarctic Expedition, 1840, p. 35.) 

t Barlow, in the Philos. Trans., for 1822, pt. i., p. 117 ; Sir David 
Brewster, Treatise on Magnetism, p. 129. Long before the times ot 
Gilbert and Hooke it was taught in the Chinese work Ow-tlisartsou, that 
heat diminished the directive force of Üie magnetic needle. (Klaproth* 
L^Ürt ä M. A, de Hwnboldi, eur VlwmOkm de la- Baussole, p. 90.) 
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ever different therefore the modifications may be which are 
excited in substances in their molecular state, and in the coer- 
cive force depending upon that condition in experiments of tfaiff 
nature, there will still remain a considerable thickness of the 
terrestrial stratum, which might be assumed to be the seat of 
magnetic currents. The old explanation of the horary yaria' 
tions of declination by the progressive warming of the Earth 
in the apparent revolution of the Sun from east to west, most 
be limited to the uppermost surface ; since thermometers sm^ 
into the Earth, which are now being accurately observed at so 
many different places, show how slowly the solar heat pene- 
trates even to the inconsiderable depth of a few feet. More- 
over, the thermic condition of the sur&ce of water by which 
two-thirds of our planet is covered, is not favourable to sueh 
modes of explanation, when we have reference to an immediale^ 
action and not to an effect of induction in the aerial and 
aqueous investment of our terrestrial globe. 

In the present condition of our knowledge it is impossible to 
afford a satis&ctory reply to all questions regarding the ulti- 
mate physical causes of these phenomena. It is only with ref<ar- 
ence to that which presents itself in the triple manifestatioiis 
of the terrestrial force, as a measurable relation of space and. 
time, and as a stable element in the midst of change, that sci- 
ence has recently made such brilliant advances by tbe aid. of 
the determination of mean numerical values. From Toronto 
in Upper Canada, to the Cape of Good Hope and Van Diemen's 
Land, Ifrom Paris to Pekin, the Earth has been covered, since 
1828, with magnetic observatories.* in which every regular or 

* As the first demand for the establishment of these observatories- 
(a net-work of stations, provided with similar instruments) proceeded 
from me, I did not dare to cherish the hope that I should live long 
enough to see the time when both hemispheres should be uniformly 
covered with magnetic houses under the associated activity of able 
physicists and astronomers. This has, however, been accomplished, 
and chiefly through the liberal and continued support of the Bussian and 
British Governments. 

In the years 1806 and 1807, I and my friend and fellow-labourer^ 
Herr Oltmanns, whilst at Berlin, observed the movements of the needle, 
especially at the times of the solstices and equinoxes, from hour to hour, 
and often from half-hour to half-hour, for five or six days and nights unin> 
terruptedly. I had persuaded myself that continuous and uninterrupted 
(>bservations of several days and nights (observatio perpetua) were pre- 
ferable to the single observations of many months. The apparatufl^ 
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irregular inanifestatiön of the teiTestrial force is detected by 
uninterrupted and simultaneous observations. A variation of 
^5^flft of tlie magnetic intensity is measured, and, at certain 

% PHm/B magnetic telescope, suspended in a glass case by a thread 
devoid of torsion, allowed angles of seven or eight seconds to be read off 
oh a finely divided scale, placed at a proper distance, and lighted ai 
night by lamps. Magnetic perturbations (storms), which occasionally 
reemred at the same hour on several successive nights, led me even then 
' to daaire extremely that similar apparatus should be used to the east and 
wert of Berlin, in order to distinguish general terrestrial phenomena 
from those which are mere local disturbances, depending on the inequality 
of heat in different parts of the Earth, or on the cloudiness of the atmo- 
sphere. My departure to Paris, and the long period of political dis* 
torbonce that involved the whole of the west of Europe, prevented my 
wish from being then accomplished. Oersted's great discovery (1820) 
of the intimate connexion between electricity and magnetism again 
eyoited a general interest (which had long flagged) in the period^caV 
variations of the electro-magnetic tension of the Earth. Arago, who 
many years previously had commenced in the observatory at Paris, with 
a new and excellent declination instrument by Ghunbey, the longest 
uninterrupted series of horary observations which we possess in Europe, 
dtowed, by a comparison with simultaneous observations of perturbation 
made at Kasan, what advantages might be obtained from corresponding 
measurements of declination. When I returned to Berlin, after an 
eighteen years' residence in France, I had a small magnetic house erected 
in the autumn of 1828, not only with the view of carrying on the work 
eommenced in 1806, but more with the object that simultaneous ob- 
servations at hours previously determined, might be made at Berlin, Paris, 
and Freiburg, at a depth of 35 fathoms below the suil^e. The simul- 
taneous occurrence of the perturbations, and the parallelism of the move- 
ments for October and December, 1829, were then graphically repre- 
sented. (Pogg. Annaien, bd. xix.. s. 857, taf. i.-iii.) An expedition 
into Northern Asia, undertaken in 1829, by command of the Emperor 
of Russia, soon gave me an opportunity of working out my plan on 
a larger scale. This plan was laid before a select committee of one of 
the Imperial Academies of Science, and, under the protection of the 
Director of the Mining Department, Count von Cancrin, and the ex- 
cellent superintendence of Professor Eupffer, magnetic stations wero 
appointed over the whole of Northern Asia from Nicolajeff, in the line 
through Catharinenburg, Barnaul, and Nertschinsk, to Pekin. 

The year 1832 {OöUinger gelehrte Anzeigen, st. 206) is distinguished 
as the great epoch in which the profound author of a general theory of 
terrestrial magnetism, Friedrich Gkiuss, erected apparatus constructed 
on a new principle, in the GKittingen Observatory. The magnetic 
observatory was finidied in 1834, and in the same year Gauss distributed 
new instruments, with instructions for their use, in which the celebrated 
physicisty WUheim Weber, took extreme interest, over a large portion of 
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epochs, observatioiis are made at intervals of 2^ mimites, aod 
continued for 24 hours consecuti^dj. A great Knglish astto- 
nomer and physicist has calculated* tiiat €be mass of ob sciva » 
tions which are in progress will accumulate in the course of 
three years to 1,958,000. Never before has so noble and: 
cheerful a spirit presided oyer the inquiry into the qutmUta- 
five relations of the laws of the phenomena of nature. We 
are, therefore, justified in hoping, that these laws, when com» - 
pared with those which govern the atmoqiherc and the remoter 
regions of space, may l^ degrees lead us to a more intiihflfte 

Qermsny and Sweden, and the whole of Italy. (BauUate der Beobj da 
magnetüchen Vereins im Jahr, 1888, b. 135, and Poggend. Annedm,. 
bd. xxxiiL, s. 426.) In the magnetic aasociation that was now fnrmed 
with Göttingen for its centre, BirnnltaneooB o h u eiw itions have bees 
undertaken four times a year ginee 1886, and ccmtinned unintemiptedly 
fcnr 24 hours. The periods, however, do not coincide with those of the 
equinoxes and solstices, which I had proposed and followed out in 1^80. 
IJp to this period, Ghreat Britain, in pooMssion of the most extenihre 
commerce and the largest navy in the worid, had taken no part in tiifc 
movement which since 1828 had begun to yield important resoltsibr 
the more fixed groundwork of terrestrial magnedsm. I had the good 
fortune, by a public appeal firom Berlin, ^diich I sent, in April 1886, to 
the Duke of Sussex, at that time President of the Royal Society, (Lettre 
de H. de Humboldt ä S.A.B. le Due de Sussex, snr les moyens propres 
ä perfectionner la connaissance du magn^tisme terrestre par T^üibline- 
ment des stations magn^tiqnes et d'Obsenrations correspondantes), to 
excite a friendly interest in the undertaking ^diich it had so long been 
the chief object of my wish to carry out. In my letter to the Duke of 
Sussex I urged the establishment of permanent stations in Canada, 
Bt Helena, the Cape of Qood Hope, the Isle of France, Ceylon, and 
Keif Holland, which five years previously I had advanced as good 
positions. The Eoyal Society appointed a joint physical and meteorolo- 
gical committee, which not only proposed to the Government the esta- 
blishment of fixed magnetic observatories in both hemispheres, but also 
the equipment of a naval expedition for magnetic observations in the 
antarctic seas. It is needless to proclaim the obligations of science in' 
this matter to the great activity of Sir John Herschel, Sabine, Aiiy, 
and Lloyd, as well as the powerful support that was i^orded by the 
British Association for the Advancement of Science, at their meeting 
held at Newcastle in 1838. In June 1839, the antarctic magnetic 
expedition, under the command of Captain James Clark R^ss, was Mly 
arranged; and now, since its successful return, we reap tiie donUe 
fruits of highly important geographical discoveries around the Sooth 
Pole, and a series of simultaneous observations at eight or ten magnede 
stations. 

* See the article on Terrestrial Magnetism in the Quarisrhi Mmrinf, 
1840, vol. ixvi., pp. 271-312. 



aoqnaiiit&iice with the genetic conditions of magnetic pheno- 
mena. As yet we can only boast of having opened a greater 
number of paths whieh may possibly lead- to an explana- 
tion of this subject. In the physical science of terrestrial 
magnetism, which must not be confounded with the purely 
maäematieal branch of the study, those persons only will 
obtain perfect satis&ction who, as in the science of the 
meteorological processes of the atmosphere, conveniently turn 
aside the practical bearing of all phenomena that cannot be 
explained according to their own views. 

Terrestrial magnetism, and the electro-dynamic forces com- 
puted by the intellectual Axnp^,* stand in simultaneous and 
intimate connection with the terrestrial or polar light, as well 
a» with the internal and external heat of our planet, whose 
magnetic poles may be considered as the poles of cold.| 
T& bold conjecture hazarded 128 years since by Halley,j 

* I&Btead of ascribmg the internal heat of the earth to the transition 
of nialter from a vapour-like fluid to a solid condition, which accom- 
panies the formation of the planets, Ampere has propounded the idea, 
-wMch I regard as highly improbable, that the earth's temperature may- 
be tiie consequence ^ the continuous diemioal action of a nucleus of 
tb» metals of the earths and alkalies on the oxidising external crust. 
" It cannot be doubted," he observes in his masterly Thicrie des PhfyfUh 
ntines Electro^ynanUquea, 1826, p. 199, " that electro-magnetic currents 
exisi in the interior of the globe, and that these currents are the cause 
of its temperature. They arise from the action of a central metallic 
nndefus, composed of the metals discovered by Sir Humphrey Davy, 
acting on the surrounding oxidised layer." 

-t* ^e remarkable connection between thetmrvature of the magnetic lines 
and that of my isothermal lines, was first detected by Sir David Brewster. 
See the TranscuMona cf the Royal Society of Edinburgh, vol. ix. 1821, 
p: 3^18, and Treatise on Ma^gnetism, 1837, pp. 42, 44, 47, and 268. 
Tk&ä distinguished- physicist admits two cold poles (poles of maximiun 
cri^ in the northern hemisphere, an American one near Cape Walker 
(73** lat., 100" W. long.), and an Asiatic one (78'» lat., 80** E. long.) ; 
whence arise, according to him, two hot and two cold meridians, i. e., 
meridians of greatest heat and cold. Even in the 16th century, Acosta 
(HUtoria Natural de las Indiaa, 1589, lib. i. cap. 17), grounding his 
opinion on the observations of a very experienced Portuguese pilot, 
ttagfat that there were four lines without declination. It would seem 
fii»m the controversy of Heniy Bond (the author of The Longitude 
^mndi 1676) with Beckborrow, that this view in some measure in- 
fluenced Halley in his theory of four magnetic poles. See my Examen 
Cmiique de VHist. de la Qiographie, t. iii. p. 60. 

t Halley, in the Phihaophioal Transactions, voL xxix. (for 1714- 
1716), No. 841. 
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that tlie aurora borealis was a magnetic phenomenon, has 
acquired empirical certainty from Faiaday^s brilliant discovery 
of the evolution of light by magnetic forces. The nOTthem 
light is preceded by premonitory signs. Thus in the morning 
before the occurrence of the phenomenon, the irregular horary 
course of the magnetic needle generally indicates a disturbance 
of the equilibrium in the distribution of terrestrial magnetism.* 
When this disturbance attains a great degree of intensity 
the equilibrium of the distribution is restored by a dis- 
charge attended by a development of light. " The auroraf 
itself is therefore not to be regarded as an externally mani- 

* [The aurora borealis of October 24, 1847, which was one of the most 
brilliant eyer known in this country, was preceded by great magnetic 
disturbance. On the 22nd of October the maTimum of the west 4|e<^* 
nation was 28** 10'; on the 23rd the position of the magnet was con- 
tinually changing, and the extreme west declinations were betweea 
22^ 44' and 28** 87' ; on the night between the 28rd and 24th October, 
the changes of position were very large and very firequent, the magnet 
at times moving across the field so rapidly that a düEculty was expe- 
rienced in following it. During the day of the 24th of October, there 
was a constant change of position, but after midnight, when the aurora 
b^an perceptibly to decline in brightness, the disturbance entirely 
«eased. The chimges of position of the horizontal-force magnet were as 
large and as frequent as those of the declination magnet ; but the ver- 
tical-force magnet was at no time so much affected as the other two^ 
instnunents. See On tfie Aurora BorecUU, as it was seen on Sunday 
evening, October 2Hh, 1847, at Bla^heath, by James Glaisher, Esq., of 
the Royal Observatory, Greenwich, in the London, Edinburgh^ and 
Dvhlin Philos. Mag. and Journal of Science, for Nov. 1847. Se* 
further. An Account of tft,e Aurora Borealis of October the 2ithf 1847, 
by John H. Morgan, Esq. We must not omit to mention, that magnetic 
disturbance is now registered by a pJiotographic process: the self- 
registering photographic apparatus used for this purpose in the obser- 
vatory at Qreenwich, was designed by Mr. Brooke, and another ingenious 
instrument of this kind has been invented by Mr. F. Konalds of the 
Bichmond Observatory.] — Tr, 

+ Dove, in Poggend. Annalen, bd. xx. s. 341, bd. xix. s. 388* 
"The declination needle acts in very nearly the same way as an 
atmospheric electrometer, whose divergence in like manner eiiews the 
increased tension of the electricity, before this has become so great as to 
yield a spark." See also the excellent observations of Professor Kämt& 
in his Lehrbuch der Meteorologie, bd. iii. s. 611-619, and Sir David 
Brewster, in his TrecUise on Magnetism, p. 280. Regarding the mag- 
netic properties of the galvanic flame, or luminous arch from a Bunsen's 
carbon and zinc battery, see Casselmann's Beobachtua^gen (Marbuxi^ 
1844), s. 66-62. 
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festcd cause of this disturbance, but rather as a result of 
telluric activity, manifested on the one side by the appear- 
ance of the Hght, and on the other by the vibrations of the 
magnetic neeme." The splendid appearance of coloured polar 
light is the act of discharge, the termination of a magnetip 
storm, as in an electrical storm a development of light — ^the 
flash of lightning— indicates the restoration of the disturbed 
equilibrimn in the distribution of the electricity. An electric 
storm is generally confined to a small space, beyond the limits 
of which the condition of the atmospheric electricity remains 
imchanged. A magnetic storm, on the other hand, shows its 
influence on the course of the needle over large portions of 
'Continents, and, as Arago first discovered, far fi*om the spot 
where the evolution of light was visible. It is not im- 
probable that as heavily charged threatening clouds, owing 
to frequent tiansitions of the atmospheric electricity to an 
opposite condition, are not always discharged, accompanied by 
Ughtning ; so likewise magnetic storms -may occasion far- 
extending disturbances in the horary course of the needle, 
without there being any positive necessity that the equilibrium 
of the distribution should be restored by explosion or by the 
passage of luminous e£^ions from one of the poles to the 
equator, or from pole to pole. 

In collecting aü the individual features of the phenomenon 
in one general picture, we must not omit to describe the 
<irigin and course of a perfectly developed aurora borealis. 
Low down in the distant horizon, about the part of the 
heavens which is intersected by the magnetic meridian, 
the sky which was previously clear is at ouce overcast. A 
dense wall or bank of cloud seems to rise gradually higher 
and higher until it attains an elevation of 8 or 10 degrees» 
The colour of the dark segment passes into brown or violet ; 
and stars are visible through the cloudy stratum, as when a 
dense smoke darkens the sky. A broad brightly Imninous 
arch, first white, then yellow, encircles the ,aark segment ; 
but as the brilliant arch appeal's subsequently to the smoky 
gray segment, we cannot agree with Argelander in ascribing 
the latter to the effect of mere contrast with the bright 
luminous margin.* The highest point of the arch of light is, 

* Argelander, in the important observations on the northern light 
embodied in the Vorträgen gehalten in der physikaXisch-ifkonomüdlien 
Ge$8ell8chafl zu Königsberg, bd. i. 1834, s. 267-264. 
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according to accurate observations made on this subject,* 
not generally in the magnetic meridian itself, but from 5^ to 
18* towards the direction of the magnetic declination of the 
place.f In northern latitudes, in the immediate yicinity of the 
magnetic pole, the smoke-like conical segment appears l6ss 
dark, and sometimes is not even seen. Where the horizontal 
force is the weakest the middle of the luminous arch deviates 
the most from the magnetic meridian. 

The luminous arch remains sometimes for hours together 
flashing and lciTid 1iT\g in eyer-yar3ang undulations, before rays 
and streamers emanate from it, and shoot up to the zenim. 
The more intense the discharges of the northern light, the 
more bright is the play of colours, through all the varying 
gradations from violet and bluish white to green and crim- 
son. Even in ordinary electricity excited by friction the 
sparks are only coloured in cases where the explosion is veiy 
violent after great tension. The magnetic columns of flame 
rise either singly from the luminous arch, blended with black 
rays similar to thick smoke, or simultaneously in many 
opx)osite points of the horizon, uniting together to form a 
flickering sea of flame, whose brilliant beauty admits of no 
adequate description, as the luminous waves are every moment 
assuming new and varying forms. The intensity of this light 
is at times so great, that Lowenöm (on the 29th ^ June, 1786) 
recognised the coruscation of the polar light in bright sun- 
shine. Motion renders the phenomenon more visible. Round 
the point in the vault of heaven which corresponds to the 
direction of the inclination of the needle, the beams unite 
together to form the so-called corona, the crown of the 

* For an account of the resalts of the obBervations of Lottin, Bravais^ 
and Siljerström, who spent a winter at Bosekop on the coast of Lapland 
(70° N. lat.), and in 210 nights saw the northern lights 160 times, see 
the Comptes rendus de VAcad. des SdenceSf t. x. p. 289, and Martins' 
Mätiorologie, 1843, p. 453. See also Argelander, in the Vortragen 
geh. m der Königsberg OesseUachafi, bd. i. s. 259. 

+ [Professor Ollallis, of Cambridge, states that in the aurora of Oc- 
tober 24th, 1847, the streamers all converged towards a single point of 
the heavens, situated in or very near a vertical circle passing through 
the magnetic pole. Around this point a corona was formed, the rajrs of 
which diverged in all directions from the centre, leaving a space free 
from light : its azimuth was 18" 41' from south to east, and its altitude 
«9" 54'. See Professor Challis, in the AihencBum, Oct. 81, 1847.]— ^r. 
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Bortiieni l%lit, wliieli «ndroles tlie summit of the heaveixly 
oanopy with a mild^ radiance and unflickering emanations of 
light. It is only in rare instances that a perfect crown or 
isircle is formed, but on its completion the phenomenon has 
inyariablj reached its maximum and the radiations become less 
^frequent, shorter, and more colonrless. The crown and the lu- 
minoos arches break up, and the whole vault of heaven becomes 
covered with irregularly scattered, broad, Mnt, almost ashy 
gray luminous immovable patches, which in their turn dis- 
appear, leaving nothing but a trace of the dark, smoke-like 
segment on the horizon. There often remains nothing of 
the whole spectacle but a white, delicate doud with feathery 
e^^;es, or divided at equal distances into small roundish 
groups, like cirro-cmnuK. 

This connection of the polar light with the most delicate 
jQirrous clouds deserves special attention, because it shows that 
the electro-magnetic evolution of light is a part of a meteoro- 
logical process. Terrestrial magnetism here manifests its 
influence on the atmosphere and on the condensation of 
aqueous vapour. The fleecy clouds seen in Iceland by 
Thienemann, and which he considered to be the northern 
light, have been seen in recent times by Franklin and Bichard- 
8on near the American North Pole, and by Admiral Wrangel 
on the Siberian coast of the Polar sea. All remarked " that 
the aurora flashed forth in the most vivid beams when masses 
of cirrous strata were hovering in the upper regions of the 
air, and when these were so thin that their presence could only 
be recognised by the formation of a halo round the moon." 
These clouds sometimes range themselves, even by day, in a 
similar manner to the beams of the aurora, and then disturb 
the course of the magnetic needle in the same manner as the 
latter. On the morning after every distinct nocturnal 
aurora, the same superimposed strata of clouds have stül been 
observed that had previously been luminous.''^ The apparently 

* John Franklm, Na/rraUve of a Jofumey to <Ä6 Shores of the Polar 
Sea^inthe Years 1819-1822, pp. 552 and 597; Thienemaim, m the 
Eddritmrgh PhilosophiccU Journal, voL xx. p. 366 ; Farquharson, in 
voL vi. p. 392, of the same journal ; Wrangel, Phys. Beob., s. 59. 
•Parry even saw the great arch of the noorthem light continue throughout 
the day. {Journal of a Second Voyage, performed in 1821-1828, 
p. 156.) Something of the same nature was seen in Frngland on the 9ih 
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converging polar zones (streaks of clouds in the direction of 
the magnetic meridian), which constantly occupied my atten« 
tion during my journeys on the elevated plateaux of Mexico, 
and in Northern Asia, belong probably to the same group 
of diurnal phenomena.* 

Southern lights have often been seen in England by the 
intelligent and indefatigable observer Dalton, and northern 
lights have been observed in the southern hemisphere as &r 
as 45° latitude (as on the 1 4th of January, 1831). On occasions 
that are by no means of rare occurrence, the equilibrium at 
both poles has been simultaneously disturbed. I have disco- 
vered with certainty that northern polar lights have been seen 
within the tropics in Mexico and Peru. We must distinguish 
between the sphere of simultaneous visibility of the pheno- 
menon and the zones of the earth where it is seen almost 

of September, 1827. A Imninous arch, 20° I^gli, with columns pro- 
ceeding from it, was seen at noon in a part of the sky that had been 
•clear after rain. {Journal of the Royal Institution (^ Grea^ Britain, 
1828, Jan., p. 429.) 

* On my return from my American travels, I described the delicate 
cirro-cumulus cloud, which appears uniformly divided, as if by the action 
of repulsive forces, under the name of polar bands {bandes polaires), 
because their perspective point of convergence is mostly at first in 
the magnetic pole, so that the parallel rows of fleecy clouds follow the 
magnetic meridian. One peculiarity of this mysterious phenomenon is 
the oscillation, or occasionally the gradually progressive motion, of the 
point of convergence. It is usually observed that the bands are only 
fully developed in one region of the heavens, and they are seen to move 
first from south to north, and then gradually from east to west. I could 
not trace any connection between the advancing motion of the bands 
•and alterations of the currents of air in the higher regions of the atmo- 
sphere. They occur when the air is extremely calm and the heavens are 
quite serene, and are much more common under the tropics than in the 
temperate and frigid zones. I have seen this phenomenon on the Andes, 
almost under the equator, at an elevation of 15,920 feet, and in Northem 
Asia, in the plains of Krasnojarski, south of Buchtarminsk, so similarly 
•developed, that we must regard the influences producing it as veiy 
widely distributed, and as depending on general natural forces. See 
the important observations of K'amtz ( Vorlesungen iiber Meteorologie, 
1840, s. 146), and the more recent ones of Martins and Bravais (Mi- 
tSorologie, 1843, p. 117). In south polar bands, composed of very 
delicate clouds, observed by Arago at Paris on the 23rd of June, 1844, 
dark rays shot upwards from an arch running east and west We have 
already made mention of black rays resembling dark smoke, as occur 
•ring in brilliant nocturnal northern lights. 
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I nightly. Every observer no doubt sees a separate aurora 
of his own, as he aees a separate rainbow. A great portion of 
the earth simultaneoiiBly engenders these phenomena of emana- 
tions of hght. Many nigbts may bo instanced in which the 
phenomenon has been aimultaneoualy obsen'ed in England 
and in Pennsylvania, in Rome and in Pekin, When it is 
stated that auroras diminish with the decrease of latitude, 
the latitude must bo miderstood to be magnetic, and as mea- 

I sored by its distance from the magnetic pole. In Iceland, in 
Greenland, Newfoundland, on the shores of the Slave Lake, and 
at Fort Enterprise in Northern Canada, these lights appear 
almost evcjy night at certain seasons of the year, celebrating 
with, their flashing beams, according to the mode of expression 
HMnimon to the inhabitants of the Shetland Isles, " a meny 
dance in heaven.'"* Whibt the aurora is a phenomenon of 
rare occurrence in Italy, it is frequently seen in the latitude of 
Philadelphia {39° 57'), owing to the southern position of the 
American magnetic pole. In the districts which are remark- 
able, in the New Continent and the Siberian coasts, for the 
frequent occurrence of this phenomenon, there are special 
regions or zones of longitude, in which the polar light is 
particularly bright and brilliant, f 'I'he existence of local 
influences cannot, therefore, be denied in these cases. Wran- 
gel saw the briUJaney diminish aa he left the shores of the 
Polar sea, about Niscime-Kolymsk. T!ie observations made 
in the North Polar expedition appear to prove that in the 
immediate vicinity of the magnetic pole the development of 
light is not in the least degree more intense or frequent than 
at some distance from it. 

'I'he knowledge which we at present possess of the altitude 
of the polar light is based on measurements, which, frijm their 
nature, the constant oscillation of the phenomenon of light, 
and the consequent uncertainty of the angle of parallax, are 
not deserving of much confidence. The results obtained, set- 
ting aside the older data, fluctuate between several miles, and 

• The norlliom tFghta arc called by the Sbatland iBlandors "tha 
mcny dancers." (Kendal, in the Quarterly JotirTiai qf Science, new 
series, vol. iv. p. 385.) 

+ See MuQcke'a eicelleot work in the now edition of Gehler's PAjwi. 
WärterbwA. M. Til L s. 113-2eS, and eipeciall/ b. ISS. 
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an elevatioii of 8000 or 4000 feet ; and, in all probal»%, 
the northern lights at different times oocur at very difibitat 
elevations.'*^ I^e most recent observers are disposed to place 
the phenomenon in the region of douds, and not on the ooft- 
fines of the atmosphere ; and they even believe that the xtsfs 
of the aurora may be affected by winds and cnirents of air, if 
the phenomenon of light, by which alone the exist^ice of m 
electro-magnetic current is appreciable, be actually oomieeted 
with matenal groups of vesicles of vapour in motion, or OHwe 
correctly speaking, if light penetrate them« pasong ^am one 
vesicle to another. Franklm saw near Great Bear Lak« a 
beaming northern light, the lower side of which be thoqgiit 
illuminated a stratum of clouds ; whilst, at a distanoe of odIv 
eighteen geographical miles, Kendal, who was cm wsbm 
throughout the whole night, and never lost sight of the sly, 
perceived no phenomenon of light. The assertion so bk- 
quently maintained of late, that the rays of the aurora have 
been seen to shoot down to the ground between the e^pectalor 
and some neighbouring hill, is open to the charge of opCioftl 
delusion, as in the cases of strokes of lightning or of the &I1 of 
fire-balls. 

Whether the magnetic storms, whose local diaracter we 
have illustrated by such remarkable examples, share noise as 
weU as light in common with electric storms, is a ques- 
tion that has become difficult to answer, since implicit con- 
fidence is no longer yielded to the relations of Qreenland 
whale-fishers, and Siberian fox-hunters. Northern lights 
appear to have become less noisy since their occurrences 
have been more accurately recorded. Parry, Franklin, and 
Eichardson, near the NorÜi Pole; Thienemann, in Iceland, 
Gieseke, in Greenland ; Lottin and Bravais, near the North 
Cape ; Wrangel and Anjou on the coast of the Polar Sea, 
have together seen the aurora thousands of times, but never 

* Farquharson in the Edinburgh Philos, Journal, voL xvi. p. 804; 
PhUos. Transact for 1829, p. 113 

[Tlie height of the bow of light of the aurora seen at the Cambridge 
t>bBer7atory March 19^ 1847^ was determined by Professors Ohaüis, of 
Cambridge, and Chevallier, of Durham, to be 177 miles above the snr- 
&ce of the earth. See the notice of tbis meteor in An Account of Ae 
Aurora Boreaiia of Oct. 24, 1847, by John H. Moigaiv Esq., 1848.]— 
Tr. 
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heard any sound attending the phenomenon. If this negative 
tcBtimony should not be deorocd equivalent to the positive 
«ountcr evidence of Heame on the mouth of the Copper River 
and of Henderson in Iceland, it must be remembered that 
although Hood heard a. noise na of quickly-moved musket- 
balls and a slight cracking sound during an aurora, he also 
noticed the same noise on the following day, when there was 
no northern light to be seen; and it must not be foi^tten 
that Wrangel and Gieseke were fidly convinced that the sound 
they had heard was to be ascribed to the contraction of the 
ice and the crust of the snow on the sudden cooling of the 
atmosphere. The hehef in a ciacltling sound has arisen not 
amonget the people generally, but rather amongst learned 
tisvellers, because in eariier times the northern light was de- 
clared to be an effect of atmospheric electricity, on account of 
the luminous manifestation of the electricity in rarefied space, 
and the obser\-ers found it easy to hear what they wished to 
hear. Recent esperiments with very sensitive electrometers 
have hitherto, contrary lo the expectation generally enter- 
tained, yielded only negative results. Ihe condition of the 
eleotrioity in the atmospheie* is not found to be changed 
duiing the most intense aurora ; but, on the other hand, the 
three expressions of the power of terrestrial magnetism, de- 
olination, inclination, and intensity, are all afi^cted by polar 
light, BO that in the same night, and at different periods of the 
magnetic development, the same end of the needle is both 

' {Mr. James Glaiaher, of Ihe Eojal Obserratory, Grcenwieh, ia Ua 
interesting Bemarka on the WmtJier during the Quarter enrfuip Detem- 
ha-Sifl, 1847, BsjH, "It la a feet well worthy of notice, that from the 
beginning of thU quarter till the 20th of December, the electricity of 
the &tniD^)here was almoat alvays in a neatral state, aa that no signs of 
«lectridt}' were Bhomi for several days iogelher by any of the electrical 
instnuneata," Duriug this period there ncre eight exhibitiuna of the 
anrora bureaus, of whkb unu was the peculiarly bright displuy of the 
meteor on the 24th of October, These frequent eihibitions o( brilliant 
annine seem to depend upon many remarkable meteorological relatione, 
tor «e find, accordiag to Mr. Glaiaher*« statement in the paper to which 
we have alrendy alluded, that the previous fifty yeani aSbrd no parallel 
■eason to the closing one of 1B17. The mean tomperatnre of evapoiar 
tjon, and of the dcir point, the mean etaatic force of vapour, the mean 
leading of the barometer, and the mean daily range of the rcadingB of 
the thennometETB in air, were all greater at Greenwich during that 
season of 1847 than the »vonige range of m»ny preceding ycarB.}—2V, 
2 
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attracted and repelled. The assertion made by Parry, on tibe 
strength of the data yielded by his observations in the neigh- 
bourhood of the magnetic pole at Melville Island, that the 
aurora did not disturb, but rather exercised a calming infla- 
ence on the magnetic needle, has been satis&ctorily refuted bj 
Parry's own more exact researches* detailed in his journal, 
and by the admirable observations of Richardson, Hood, 
and Franklin in Northern Canada, and lastly by Bravais and 
Lettin in Lapland. The process of the aurora is, as has 
already been observed, the restoration of a disturbed condition 
of equilibrimn. The effect on the needle is different according 
to the degree of intensity of the explosion. It was only un- 
appreciable at the gloomy winter station of Bosekop when 
the phenomenon of light was very faint and low in the horizon. 
The shooting cylinders of rays have been aptly compared 
to the flame which rises in the closed circuit of a voltaic pile 
between two points of carbon at a considerable distance apart, 
or, according to Fizeau, to the flame rising between a suver 
and a carbon point, and attracted or repelled by the magnet. 
This analogy certainly sets aside the necessity of assuming the 
existence of metallic vapours in the atmosphere, which some 
celebrated physicists have regarded as the substratimi of the 
northern light. 

When we apply the indefinite term polar light to the lumi' 
nous phenomenon which we ascribe to a galvanic current, that 
is to say, to the motion of electricity in a closed circuit, we 
merely indicate the local direction in which the evolution of 
light is most frequently, although by no means invariably, 
seen. This phenomenon derives the greater part of its import- 
ance from the fact that the Earth becomes self-luminousy and 
that as a planet, besides the light which it receives from the 
central body, the Sun, it shows itself capable in itself of 
developing light. The intensity of the terrestrial light, or 
TlUber the luminosity which is diffused, exceeds, in cases of 
the brightest coloured radiation towards the zenith, the light 
'of the Moon in its first quarter. Occasionally, as on the 7th 
of January, 1831, printed characters could be read without dif- 
ficulty. This almost iminterrupted development of light in the 
"JEarth leads us by analogy to the remarkable process exhibited 

* EttmtZy Lehrbwh der Meteorologie, bd. ill. s. 498 und 501. 



in Venus. The portion of this planet whicix is not illumined 
by the Sun often shines with a phospLorescent light of its own. 
It is not improbable that the Muon, Jupiter, and the comets 
shine with an independent light, besides the reflected solar 
light visible through the polariscope. Without speaking of the 
problematical hut yet ordinary mode in which the sky is illu- 
minated, when a low cloud may be seen to shine nith an 
uninterrupted flickering light for many minutes together, we 
Btill meet with other instances of terrestrial development of 
light in our atmosphere. In this category we may reckon the 
cdebmted luminous mists seen in 1783 and 1831 ; the steady- 
InminouB appearance exhibited without any flickering in great 
clouds observed by Eozier and Beccaria ; and lastly, as Arago* 
well remarks, the iaint difiused light which guides the steps 
of the traveller in cloudy, starless, and moonless nights in 
autumn and winter, even when there is no snow on the 
ground. As in polar light or the electro-magnetic storm, 
a cnrrent of brilliant and often coloured light streams through 
the atmosphere in high latitudes, so also in the torrid zones 
between the tropics, the ocean simultaneoiisly developes light 
over a space of many thousand square miles. Here the 
magical effect of light is owing to the forces of organic nature. 
Foamii^ with light, the eddying waves flash in phosphores- 
cent sparks over the wide expanse of waters, where every 
scintillation is the vital manifestation of an in^'isible animä. 
world. So TOricd are the sources of terrestrial light! 
Must we still suppose this light to be latent, and combined in 
vapours, in order to explain Afoser's images produced at a 
distance, — a discovery iu wliich reaKty has hitherto manifested 
itself like a mere phantom of the imagination. 

As the internal heat of our planet is connected on the one hand 
■with the generation of clectro-magnclic currents, and the pro- 
cess ofteixestriallight, (aconsequenceof the magnetic storm,) it 
on the other hand discloses to us the chief source of geognostic 
phenomena. We shall consider these, iu their connection 
with and their transition from merely dynamic distm'hances, 

' AiugQ, on the dry foga of 1783 and 1831, which illuminated the 
night, in the Annuaire da Bureau da Loiigiiudns. 1832, pp. 2*6 and 
260; and, regarding extnordinacj lummoua appeanuicca in clouds 
wilhoat «tonoB, Bce Notices tur la Toaneire, in Ibe Anniiaire puur- 
foM 1638, p. 2T9-2ES. 
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from the deTaticm of whole continents and monntaih chains to 
the deyelopment and effiision of gaseous and liquid fluids, of 
hot mud, and of those heated and molten earths which he- 
come solidified into crystalline mineral masses. Modem 
geognosy, the mineral portion of terrestrial physics, has made 
no äight adyance in having investigated this connectioii of phe- 
nomena. This investigation has led us away from the delusive 
hypothesis, by which it was customary formerly to endeavour to 
explain, individually, every expression of force in the terrestrial 
globe ; it shows us the connection of the occurrence of heteroge- 
neous substances with that which only appertains to changes 
in space (disturbances or elevaticms) and groups toge^er 
phenomena which at first sight appeared most heterogenous; 
as thermal springs, ^fusion of carbonic acid and sulphurous 
vapour, innocuous salses (mud eruptions) and the dreadful devas- 
tations of volcanic mountains.* In a general view of nature all 
these phenomena are fused together in one sole idea of the 
reaction of the interior of a planet on its external sur&ce. We 
thus recognise in the depths of the earth, and in the increase 
of temperature with the increase of depth fix)m the sur&ce, 
not only the germ of disturbing movements, but also of the 
gradual elevation of whole continents (as mountain chains on 
long fissures), of volcanic eruptions, and of the manifold pro- 
duction of mountains and mineral masses. The influence of 
this reaction of the interior on the exterior is not, however, 
limited to inorganic nature alone. It is highly probable, that 
in an earlier world more powerful emanations of carbonic 
acid gas, blended with the atmosphere, must have increased 
the assimilation of carbon in vegetables, and that an inex- 
haustible supply of combustible matter (lignites and car- 
boniferous formations) must have been thus buried in the 
upper strata of the earth by the revolutions attending the 
destruction of vast tracts of forest. We likewise perceive 
that the destiny of mankind is in part dependent on the form- 
ation of the external surface of the earth, the direction of 
moimtain tracts and high lands, and on the distribution of 
elevated continents. It is thus granted to the enquiring mind 

* [See Mantell's Wonders of Oeologty, 1848, vol. 1 pp. 84, 86, 105 ; 
also LyelFs Principles of Oeoioffff, yoL ii., and Dauben^, On VoicanoeBf 
Süd ed. 1848, P. 11^ ch. xxxn. xxxm.V-Tr. 
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to pnga from link to link along the chain of phenomena until 
it reaches the period when, in the solidifying process of our 
planet, and in its first transition from the gaaeous form to the 
a^lomeration of matter, that portion of the inner heat of the 
earth was developed, which does not belong to the action of 
the Sun. 

In order to give a general delineation of the causal con- 
neetioQ of geoguostieal phenoniena, we will hegin with those, 
«iiOBe chief chara^cristic is dyniimic, consisting in motion 
and in clmnge in space. Earthquakes manifest themselves by 
qnick and Buccessive vertical, or horizontal, or rotatory vibra- 
tions.* In the very considerable number of earthquakes 
which I have experienced in both hemispheres, alike on land 
and at sea, the two first-named kinds of motion have often 
appeared to me to occur simultaneously- The mine-like esplo- 
sicm — the vertical action from below upwards — was most strik- 
ingly manifested in the overthrow of the town of Itiobnmba 
in 1797, when the bodies of many of the inhabitants were 
found to have been hurled to Cullca, a hill several hundred 
feet in height and on the opposite side of the river Lican. 
The propagation is most generally effected by undulations in 
a linear du-ection,t with a velocity of from twenty to tweuty- 
eight miles in a minute, but partly in circles of commotion 
or large eUipses, in which the vibrations are propagated 
witb decreasing intensity from a centre towards the eircum- 
ibrence. There are districts exposed to the action of two 
intersecting circles of commution. In northern Asia, where 
the Father of History,J and subsequently Theophylactus 
SiQOcatta,§ described the districts of Scythia as free from 
earthquakes. I have observed the metalliferoua portion of the 
Altai mountains under the iniluence of s. twofold focus of 

* [Bee Daubcoey, On Volamoes, 2nd ed., 1848, p. B09,]-~T: 

+ [On the linear direction of earthqiiaki«, see Daaboncj, On Volca- 
noM, p, BU.y-Tr. 

t Herod,, iy. 28. The prostratiun of the eoloeaal süitne of Memnon,. 
nUch has been again restored, (Letronna, La Statue vocalt de Jfrmnon, 
ISS^ pp. 25, 26,j preeenla a fiict in Opposition to the ancient pr^udico 
tbatE^(,isrreetromeanhquAkeB(Plinf, ii. SO); but the valley of the t 
Nile does lie eitemal to tho circle of commotion of Bjnintiur '* - 
Aicbipelago. and äjria (Ideler ad AristoL Meteor., p. CS4). 

S B(ünt-Mftrtin,iBtholoiimedSotealoLebeau,fli8t iIwJJfMffmprrfc I 
t ix. p. 401. ' 
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commotioii, the lake of Baikal, and the volcaiio of the Celes- 
tial Mountain (Thianschan).* When the circles of commo- 
tion intersect one another, when, for instance, an elevated 
plain lies between two volcanoes simultaneously in a state d 
eruption, several wave-systems may exist together as in fluidi, 
and not mutually disturb one another. We may even sup- 
pose interference to exist here as in the intersecting waves of 
sound. The extent of the propagated waves of commotion 
will be increased on the upper suifäce of the earth, according 
to the general law of mecheuiics, by which on the transmissioa 
of motion in elastic bodies, the stratum lying free on the one 
side endeavours to separate itself from the other strata. 

Waves of commotion have been investigated by means of 
the pendulum and the seismometerf with tolerable accuracy, in 
respect to their direction and total intensity, but by no means 
wim reference to the internal nature of their alternations and 
their periodic intumescence. In the city of Quito, which 
lies at the foot of a still active volcano, (the Bucu Pichincha), 
and at an elevation of 9540 feet above the level of the sea, 
which has beautiful cupolas, high vaulted churches, and massive 
edifices of several stories, I have often been astonished that 
the violence of the nocturnal earthquakes so seldom causes 
fissures in the walls, whilst in the Peruvian plains oscillations 

* Humboldt, Asie Centrale, t. ii. p. 110-118. In regard to the dif- 
ference between agitation of the surface and of the strata lying beneath 
it, see Gay-Lussac, in the Annalea de Chimie et de Physique, i, xzii. 
p. 429. 

t [This instrument in its simplest form consists merely of a basin 
filled with some viscid liquid, which on the occurrence of a shock of an 
earthquake of sufficient force to disturb the equilibrium of the building 
in which it is placed, is tilted on one side, and the liquid made to rise 
in the same direction, thus showing by its height, the degree of the 
disturbance. Professor J. Forbes h^ invented an instrument of this 
nature, although on a greatly improved plan. It consists of a vertical 
metal rod, having a ball of lead moveable upon it. It is supported 
upon a cylindricfd steel wire, which may be compressed at pleasure by 
means of a screw. A lateral movement, such as that of an earthquake 
which carries forward the base of the instrument, can only act upon the 
ball through the medium of the elasticity of the wire, and the direction 
of the displacement will be indicated by the plane of vibration of the 
pendulum. A self-re^stering apparatus is attached to the machine. 
See Professor J. Forbes' account of his invention in Edinb. Phil. Trang» 
ToL xy., pt l.y-Tr, 
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apparently much less intense injure low reed cottages. The 
natives, who have esperienoed many hundred earthquakes, 
believe that the difference depends leaa upon the length or 
ahortncBS of the waves, aTid the slowness or rapidity of the 
horizontal vibrationa,* than on the uniformity of the motion 
in opposite directions. The circling rotatory commotions are 
the most uncommon, but at the same time the most dangerous. 
Walls were observed to be twisted, but not thrown down ; 
rows of tieea turned from their previous parallel direction ; 
and fields covered with different kinds of plants found to he 
displaced in the great earthquak« of lUobamba, in the pro- 
vince of Quito, on the 4th of February, 1797, and in that of 
Calabria, between the Sth of February and the 28th of March, 
1783. The phenomenon of the inversion or displaeeiuent of 
fields and pieces of land, by which one is made to occupy the 
place of another, is connected with a trauslatory motion or 
penetration of separate terrestrial strata, "When I made the 
plan of the ruined town of Eiobamha, one particuhir spot 
was pointed out to me, where all the fiimiture of one house- 
had been found under the ruins of another. The loose earth 
had evidently moved like a fluid in currents, which i 
assumed to have been directed first downwards, then hori- 
zontally, and lastly upwards. It was found neces-aary to 
appeal to the Audienda, or CouucU of Justice, to decide upon 
the contentions that arose regarding the proprietorship of 
objects that had been removed to a distance of many hundred 

In eountriea where earthqutikes are comparatively of much 
less frequent occurrence, (as, for instance, in southern Europe,) 
a very general belief prevails, although unsupported by the 
authority of inductive reasoning.^ that a calm., an oppressive 

• "TutiäBimameatcum vibrat criBpant« «dificiorum crepitu; et cam 
intmneacit UBurgene aUemoque motu reaidet, innoxiimi et cum c 
reutJa tecta contrario ictu arietant; quoniam aiter motu» alten reo 
ündtmlie Inclinatio et Ductus more qutedam volutatio infesta est, aut 
etun tu unam parl«m totus se motua impellib." — Plin., li. B2. 

+ Even in Italy thej have bogun to ubaerve that earthquokoB »re nn- 
oonnectod with the atalo of the weather, that ia to aaj-, with tlie appear- 
ance of tho heavens immediately before the ahook. The numerical 
resnlta of Friedrich Hoftinann [HinterlameiK Werke, bd. il, 3B6~37ö> 
Bactlj correspond with the experience of the Abbat« Seinfl of Paiermn. 
I hftve myaelf sevend times observed reddish olonds on Jrhe day o£ an 
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heat, and a mistj horizon are always the foreruxmers of this 
phenomenon. The fallacy of this popular opinion is not only 
refuted by my own experience, but likewise by the observa- 
tions of sJl those who have liyed many years in districts whexe^ 
as in Cumana, Quito, Peru, and Chili, the earth is frequently 
and violently agitated. I haye felt earthquakes in clear air 
and a fresh east wind, as well as in rain and thunder-stonns. 
The regularity of the horary changes in the declination of the 
magnetic needle and in the atmospheric pressure remained 
undisturbed between the tropics on the days when earth» 

earthquake, and shortly before it; on the 4th of Norember, 1799, 1 ex* 
perienced two sharp äiocks at the moment of alond clap of thunder. 
{BeUit hi8t., Lir. ir. chap. 10.) The Turin phyi^cist, Yassalli "EatofR, 
ohsenred Yolta's electrometer to be strongly agitated during the pro* 
tracted earthquake c^ Pignerol, irhi<^ lasted from the 2nd of Ajoil t» 
the 17th of May, 1808; Journal de Physique, t. Ixvii. p. 291. But 
these indications presented by clouds, by modifications of atmospheric 
electricity, or by calms cannot be regarded as generaUy or necessarily 
connected frith earthquakes, since in Quito, Pern, and Chili, as ireU as 
in Canada and Italy, many earthquakes are obserred along with the 
porest and clearest skies, and with the freshesfc land and sea breeaesL 
But if no meteorological phenomenon indicates the coming earthquake 
either on the morning of the ^ock or a few days previously, the influence 
of certain periods of the year, (the vernal and autumnal equinoxes,} the 
commencement of the rainy season in the tropics after long drought, and 
the change of the monsoons (according to general belief) cannot be over- 
looked, even though the genetic connexion of meteorological processes 
with those going on in the interior, of our globe is still enveloped in ob- 
scurity. Numerical inquiries on the distribution of earthquakes throng 
out the course of the year, such as those of von Hofif, Peter Merian, and 
Friedrich Hoflinann, bear testimony to their frequency at the periods 
the equinoxes. It is singular that Pliny, at the end of his fanciful 
theory of earthquakes, names the entire frightfid phenomenon, a snb> 
terranean storm ; not so much in consequence of the rolling sound whieh 
frequently accompanies the shock, as because the elastic forces, concus- 
sive by their tension, accumulate in the interior of the Earth when they 
are absent in the atmosphere ! " Yentos in causa esse non dubium leor. 
Neque enim unquam intremiscunt terrae, nisi sopito mari, coeloque adeo 
tranquillo, ut volatos avium non pendeant, sabtracto omni spirita qui 
vehit ; nee unquam nisi post ventos conditos, s^licet in venas et cavemas 
ejus occulto afflatu. Neque aliud est in terra tremor, quam in nube toni- 
truum; nee hiatus aliud quam cum fulmen erompit, incluso spirita 
Inctante et ad libertatem exire nitente." (Plin. ii. 79.) The germs of 
almost everything that has been observed or imagined on the causes of 
earthquakes, up to the present day^ may be found in Seneea^ IfcU, Qucui*f 
vi. 4-31. 
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quakes occuired.* These &cts agree with the observaüons 
made by Adolph Erman, (in Üie temperate zone, on the 8th 
of March, 1829,) osi the occasion of an earthquake at Irkutsk, 
near the Lake of Baikal. During the -violent earthquake of 
Gumana, on the 4th. of November, 1799, 1 found the declina- 
tion and the intensity of the magnetic force alike unchanged, 
but to my surprise, the inclination of the needle was diminished 
about 48'.f There was no groimd to suspect an error in the 
calculation, and yet in the many other earthquakes which I 
have experienced <m the eleTated plateaux of Quito and Lima, 
the inclination as well as the other elements of terrestrial mag- 
netism remained always unchanged. Although in general, 
the processes at work within the interior of the earth may not 
be announced by any meteorological phenomena or any special 
appearance of the sky, it is, on the contrary, not improbable, 
as we shall soon see, that in cases of violent earthquakes some 
e£fect may be imparted to the atmosphere, in consequence of 
which they cannot always act in a purely dynamic manner. 
During the long-contiaued trembling of the ground in the 
Piedmontese yaUeys of PeUs and Clusson, the greatest changes 
in the electric tension of the atmosphere were observed whilst 
the sky was cloudless. The intensity of the hollow noise which 
generally accompanies an earthquake does not increase in the 
same degree as the force of the oscillations. I have ascer- 
tained with certainty that the great shock of the earthquake 
of Eiobamba (4th Feb. 1797)— one of the most fearful phe- 
nomena recorded in the physical history of our planet — ^was 
not accompanied by any noise whatever. The tremendous 
ncdse {el gran ruido) which was heard below the soil of the 
cities of Quito and Ibarra, but not at Tacunga and Hambato, 
nearer the centre of the motion, occurred between eighteen 
and twenty minutes ctfter the actual catastrophe. In the cele- 
brated earthqxiake of Lima and Callao, (28th of October, 1 746,) 
a noise resembling a subterranean thunder-dap was heard 
at Truxillo a quarter of an hour after the shock, and unaccom- 
panied by any trembling of the ground. In like manner 
long after the great earthquake in New Granada, on the 16th 

* I hare given proof that the course of the hororaiy variations of the 
bari»neter is not affected before or after earthquakes, in my Belat. hUt, 
t. L p. 311 and 513. 

t Humboldt, BekU. hid., t i. p. 51i^517. 
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of November, 1827, described by BoussingauH, subterranean 
detonations were heard in the whole valley of Cauca during' 
twenty or thirty seconds, unattended by motion. The natnre 
of the noise varies also very much, being either rolling, or 
rustling, or clanking like chains when moved, or, like near 
thimder, as, for instance, in the city of Quito ; or lastly, clear 
and ringing, as if obsidian or some other vitrified masses were 
struck in subterranean cavities. As solid bodies are excellent 
conductors of soimd, which is propagated in burnt clay, for 
instance, ten or twelve times quicker than in the air, the sub- 
terranean noise may be heard at a great distance from the 
place where it has originated. In Caracas, in the grassy 
plains of Calabozo, and on the banks of the Bio Apure, which 
falls into Ihe Orinoco, a tremendously loud noise, resembling 
thunder, was heard, unaccompanied by an earthquake, over a 
district of land 9200 square miles in extent, on the SOth of 
April, 1812, whilst at a distance of 632 miles to the north- 
east, the volcano of St. Vincent in the small Antilles, poured 
forth a copious stream of lava. With respect to distance, this 
was as if an eruption of Vesuvius had been heard in the north 
of France. In the year 1 744, on the great eruption of the 
volcano of Cotopaxi, subterranean noises, resembling the dis- 
charge of cannon, were heard in Honda, on the Magdalena 
River. The crater of Cotopaxi lies not only 1 8,000 feet higher 
than Honda, but these two points are separated by the colossal 
moimtain-chain of Quito, Pasto, and Popayan, no less than by 
numerous valleys and clefts, and they are 436 miles apart. 
The sound was certainly not propagated through the air, but 
through the earth, and at a great depth. During the violent 
earthquake of New Granada, in February, 1835, subterranean 
thimder was heard simultaneously at Popayan, Bogota, Santa 
Marta, and Caracas, (where it contmued for seven hours without 
any movement of the ground,) in Haiti, Jamaica, and on the 
Lake of Nicaragua. #. ^ 

These phenomena of sound when unattended by any per- 
ceptible shocks, produce a peculiarly deep impression even on 
persons who have lived in countries where the earth has been 
frequently exposed to shocks. A striking and imparalleled 
instance of uninterrupted subterranean noise, unaccompanied 
by any trace of an earthquake, is the phenomenon known in 
the Mexican elevated plateaux by the name of the '' Boaring 
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and the Bubterranean thunder" {bramidos y truenos svhler- 
raneas) of Guanaxuato.* This celebrated and rich mountain, 
city lies far removed from any active volcano. The noise 
began about midnight, on the 9dj of January, 178-t, and con- 
tinued for a month. I have been enabled to give a circum- 
stantial description of it from the report of many witnesBca, 
and from tie documents of the municipality, of which I was 
allowed to make use. From the 13th to the 16th of January, 
it seemed to the inhabitants as if heavy clouds lay beneath 
their feet, from which issued alternate slow rolling sounds and 
short quick claps of thunder. The noise abated as gradually as 
it had begun. It was limited to a small space, and was not 
heard in a basaltic district at the distance of a few miles. 
Almost all the inhabitants in terror left the city, in which 
lai^ masses of silver ingots were stored, but the most cou- 
rageous, and those more accustomed to subterranean tbunder, 
soon returned in order to drive off the bands of robbers who 

* On the brantidot of Guaaoinalo, Eee my Eaeai poUt. »nr la Nouv. 
Hepagne, I. i. p, 303. The aubterrauüan noise, unaccompanied with »nj 
appreciable shock, in tha deep minca und on the aorface (the town of 
Giutnaxualo lies 6S30 feet above the level of tjie sea) iibb sot heard in 
the Beigtbonriiig elevated plains, but onlj in the mounlainona parts of 
the Sierra, from the CoeBta de los Agullarea, near Marfil, to the north of 
SanU HoEa. There vere individu^ parts of the Sierra 24-2S milea 
north-vcEt of GaanaxDato, to the other side of ChicLimequillo, near the 
boiling spring of San Joä6 de Comangillafl, 1« which Ihc waves of aoond 
did not eDitend. Extremely stringent moaeurca wore adopted by the 
ma^stialcs of the largo mDnntaia-towns, on the 14th of Jannai?, 1784, 
when the terror produced by these subterranean thundora was at its 
height. " The flight of a wealthy family shall be pnniahed with a Sue 
of 1000 piastrea, and that of a poor family with two months' imprison- 
ment. The militia shall bring back tho fugitives." One of the most 
remarkable points about the whole aSaii is the opinion which the ma- 
giitrates (el cabildo) eheriabed of their own guperior knowledge. In 
one of their praf^^mtM, I Snd the eipresuon, " The magistratea, in their 
wisdom, (cnBu aabidnria) willst on«e know wbeu there is actual danger, 
and will give orders for flight ,' for the present let proeeeaions be Imiti. 
tatod." The terror excited by the tremor gave rise to a famine, gtnee it 

«rovented the importation of com from the table-land», where itnbounded. 
'he ancients were also aware that noises sometimes existed without 
earthquakes; Aristot., Metern:, ii p. 802; Plin., ii. 80. The singular 
noise that was heard from March, 1822, to Seplcaihor, 1824, in the 
Dalmatian island, Mcleda, (aiiteen miles from Kaguia,) and on whiah 
Partach has thrown much light, was occasionally accompanied b^ihocka. 
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had attempted to possess themselves of the treasures of tibe 
city. Neither on the sur&ee of the earth, nor in mines 1600 
feet in depth was the slightest shock to be perceiyed. No 
similar noise had ever before been heard on the elcTated table- 
land of Mexico, nor has this terrific phenomenon since occmrod 
there. Thus clefts are opened or closed in the interior of the 
Earth, by which waves of sound penetrate to us or are impeded 
in their propagation. 

The activity of an igneous mountain, however terrific and 
picturesque the spectacle may be which it presents to our con- 
templation, is always limited to a very small space. It is Ihr 
otherwise vrith earmquakes, which, although scarcely percep- 
til^e to the eye, nevertheless simultaneoudy propa^te their 
waves to a distance of many thousand miles. The great 
earthquake which destroyed the city of Lisbon, on the 1st of 
November, 1755, and whose effects were so admirably inves- 
tigated by the distinguished philosopher Emmanuel Kant, was 
felt in the Alps, on the coast of Sweden, in the Antilles, Antigua, 
Barbadoes, and Martinique ; in the great Canadian Lakes, in 
Thuringia, in the flat country of Northern Germany, and in 
the small inland lakes on the shores of the Baltic* Eemote 
springs were interrupted in their flow, a phenomenon attend- 
ing earthquakes which had been noticed amongst the ancients 
by Demetrius the Callatian. The hot springs of Toplitz dried 
up, and returned, inundating everything around, and having 
their waters coloured with iron ochre. In Cadiz, the sea rose 
to an elevation of sixty-four feet, whilst in the Antilles, where 
the tide usually rises only firom twenty-six to twenty-eight 
inches, it suddenly rose above twenty feet, the water being of 
an inky blackness. It has been computed that on the 1st of 
November, 1755, a portion of the Earth's sur&ce, four times 
greater than that of Europe, wsus simultaneously shaken. As 
yet there is no manifestation of force known to us, including 
even the murderous inventions of our own race, by which a 

* [It has been compated that the shock of this earChquake pervaded 
an area of 700,000 miles, or the twelfth part of the circumference of 
the globe. This dreadful shock lasted only five minutes; it hi^ 
pened about nine o'clock in the morning of the Feast of All Saints^ 
when almost the whole population was within the churches, owing to 
i^ich circumstance no less than 30,000 persons perished bv the &11 of 
these edifices. See Daubcney, On Volcanoes, pp. 51i-517i—Tr. 
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greater number of people have been killed in die short space 
of a few minutes : sixty thousimd wore destroyed in Sicily in 
1693, from thirty to forty thousand in the earthquake of Rio- 
bamba in 1 797, tmd prolwibly five times as many in Asia Minor 
and Syria, under Tiberius and Justinian the elder, about the 
years 19 and 526. 

There are instances in which the Earth has been shaken for 
many successive days in the chain of the Andes in South 
America, but I am only acquainted with the following cases 
in which shocks that have been felt almost every hour for 
months together, have occurred far from any volcano, as, for 
instance, on the eastern declivity of the Alpine chain of 
Mount Cenis, at Fenestrelles and Pignerol, from April, 1808 ; 
between New Madrid and Little Prairie,* north of Cincinnati, 
in the United States of America, in December, 1811, as well 
as through the whole winter of 1 8 1 2 ; and in the Pachalik of 
Aleppo, in the months of August and September, 1822. Aa 
the mass of the people are seldom able to rise to general 
Tiewa, and are consequently at-vi-ays disposed to ascribe great 
phenomena to local telluric and atmospheric processes, 
wherever the shaking of the earth is continued for a long 
time, fears of the eruption of a new volcano are awakened. 
In some few cases, this apprehension has certainly proved to 
be well grounded, as, for instance, in the sudden elevation of 
volcanic islands, and as we see in the elevation of the volcano 
of Jorullo, a mountain elevated 1684 feet above the ancient 
level of the neighhouring plain, on the 29th of September, 
1759, after ninety days of earthquake and subterranean 
thunder. 

If we could obtain information regarding the daily condition 
of all the Earth's surfiicc, we ehould probably discover that 
the Eartb is almost always undergoing shocks at some point 
of its superficies, and is continualty influenced by the reaction 
of the interior on the exterior. The frequency and general 
prevalence of a phenomenon which is probably dependent on 
the raised temperature of tiie deepest molten strata explain 

• Drake, Nat. and Statut. View of Cindnnali, pp. 233-288; 
Hitcbell, ia Uio Trajuaetion» of t/ie Lit. and Philos. Soc. of Jfaa 
Torh, vol. i. pp. 281-308. In the Piedmontese oountj of Pignerol, 
glKaeB of natcr filled to the very brim, exhibited for honiE a conllnnons 
motion. 
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its independenoe of the nature of the mineral masses in which 
it manifests itself. Earthquakes have even been felt in the 
loose alluvial strata of Holland, as in the neighbourhood of 
Middleburg and Yliessingen, on the 23d of February, 1828. 
Granite and mica slate are shaken as well as limestone and 
sandstone, or as trachyte and amygdaloid. It is not, there- 
fore, the chemical nature of the constituents, <but rather the 
mechanical structure of the rocks, which modifies the propa* 
gation of the motion, the wave of commotion. Where uixs 
wave proceeds along a coast, or at the foot and in the direction 
of a mountain-chain, interruptions at certain points have some- 
times been remarked, which manifested themselves during the 
course of many centuries. The imdulation advances in the 
depths below, but is never felt at the same points on the sur- 
facie. The Peruvians* say of these unmoved upper strata that 
'* they form a bridge." As the mountain-chains appear to 
be raised on fissures, the walls of the cavities may perhaps 
favour the direction of undulations parallel to them; occa- 
sionally, however, the waves of commotion intersect several 
chains almost perpendicularly. Thus we see them simultane- 
ously breaking through the littoral chain of Venezuela, and the 
Sierra Parime. In Asia, shocks of earthquakes have been por- 
pagated from Lahore and from the foot of the Himalaya (22nd 
of January, 1832) transversely across the chain of the Hindoo 
Chou, to Badakschan, the upper Oxusj and even to Bokhara-f 
The circles of commotion unfortunately expand occasionally 
in consequence of a single and unusually violent earthquake. 
It is only since the destruction of Cumana, on the 14th of De- 
cember, 1797, that shocks on the southern coast have been felt 
in the mica slate rocks of the peninsula of Maniquarez, situated 
opposite to the chalk-hills of Üie main land. The advance from 

* In Spanish, they say, rocas que ha/xn puente. With this pheno- 
menon of non-propagation through superior strata is connected the re- 
markable fact iliat in the beginning of this century shocks were felt in 
the deep silver mines ac Marienberg, in the Saxony mining district, 
while not the slightest trace was perceptible at the surface. The miners 
ascended in a state of alarm. Conversely the workmen in the mines of 
Falun and Fersberg felt nothing of the ^ocks which in November, 1823, 
spread dismay amongst the inhabitants above-ground. 

+ Sir Alex. Bumes, Travels in Bokhara, vol. i. p. 18 ; and Wathen, 
Mem. on the Uahek Stat^, in the Journal of the AnaUc Society of 
Bengal, vol. iii. p. 337. 
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Bouth to north was very Btriking in the ahnost «nintemipted 
undulations of the soil in the alluvial valleys of the Mississippi, 
the Arkansas, and the Ohio, from 1811 to 1813. It seemed 
here as if suhteiranean obstacles were gradually overcome, and 
that the way being once opened, the undulatory movement 
could be freely propagated. 

Although earthquakes appear at first sight tn be eimply 
dynamic phenomena of motion, we yet discover, irom well 
attested fects, that they are not only able to elevate a whole 
district above its ancient level (as for instance, the Ulla Bund, 
after the earthquake of Cutch, in June, 1819, east of the 
Delta of the Indus, or the coast of Chili, in November, 1 822), 
but we also find that rarious substances have been ejected 
during the eartliquakc, as hot water, at Catania, in 1818; 
hot steam at New Madrid, in. the valley of the Missis- 
wppi, in 1812; irrespirable gases, Mofettes which injured the 
flocks grazing in the chain of the Andes ; mud, black smoke, 
and eveu fiames, at Messina, in 1781, and at Cumana, on the 
14th of November, 1797. During the great earthquake of 
Ijisbon, on the 1st of November, 1755. flames and ooliunns of 
smoke were seen to rise from a newly-formed fissure in the 
rock of Alvidras, near the city. The smoke in this case 
became more dense as the subterranean noise increased in 
intensity.* At the destruction of Itiobamba, in the year 
1797, when the shocks were not attended by any outbreak of 
the neighbouring volcano, a singular mass called the J/oya was 
uplifted from the Earth iu numerous continuous conical ele- 
vations, the whole being composed of carbon, crystals of 
augite, and the sihcious shields of infusoria. The eruption of 
carbonic acid gas from fissures in. the valley of the Magdalene, 
during the earthquake of New Grenada, on the 16th of No- 
vember, 1827, suffocated many snakes, rats, and other animals. 
Sudden changes of weather, as the occuirencc of the rainy 
season in the tropics, at an unusiial period of the year, have 
sometimes succeeded violent earthquakes in Quito and Peru. 
Do gaseous fluids rise from the interior of the Earth and mix 
with the atmosphere ? or are these meteorological processes 
the action of atmospheric electricity disturbed by the earth- 
quake ? In the tropical regions of America, where sometimes 

• PhUoe, TransiKL, lol. tlii., p. iU. 
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not a drop of rain fidls ibr ten months together, the natiTeB 
consider the repeated shocks of earthquakes, which do not 
endanger the low reed-huts, as auspicious harbingers of firoit- 
fbhiess and abundant rain. 

The intimate connexion of Üie phenomena which we hate 
considered is still hidden in obscuritj. Elastic fluids are 
doubtlessly the cause of the slight and perfectly harmkfis 
trembling of the Earth's surface, which has cxften continaad 
fiCTeral days (as in 1816, at Scaccia, in Sicily, before iSba 
volcanic eleyation of the island of Julia), as well as of the 
terrific explosions accompanied by loud noise. The focus of 
this destructive agent, the seat of the moving £>rce, lies he 
below the Earth's surface ; but we know as litüe of the ^:teiit 
of this depth as we know of the chemical nature of theie 
vapours that are so highly compressed. At the edges of tup 
craters, Vesuvius and üie towering rock which projects beyond 
the great abyss of Pichincha, near Quito, I have felt periodic 
and very regalar shocks of earthquakes, on each occasion from 
20 to 30 seconds before the burning scorise or gases were 
erupted. The intensity of the shocks were increased in pro- 
portion to the time intervening between them, and cons»* 
quently to the length of time in which the vapours were 
accumulating. This simple &ct, which has been attested bj 
the evidence of so many travellers, furnishes us with a general 
solution of the phenomenon, in showing that active volcanoes 
are to be considered as safety-valves for the immediate neigh- 
bourhood. The danger of earthquakes increases when Üie 
openings of the volcano are closed, and deprived of free com- 
munication with the atmosphere ; but the destruction of Lisbon, 
of Caracas, of Lima, of Cashmir in 1554,* and of so many 
cities of Calabria, Syria, and Asia Minor, shows its, on the 
whole, that the force of the shock is not the greatest in the 
neighbourhood of active volcanoes. 

As the impeded activity of the volcano acts upon the shocks 
of the Earth's sur&ce, so do the latter react on the volcanic 
phenomena. Openings of fissures favour the rising of ccmes 
of eruption, and the processes which take place in these cones, 
by forming a firee communication with tiio atmosphere. A 

* On the frequency of earthquakes in Cashmir, see Troyer*s German 
translation of the ancient Radjaiaringini, vol. iL, p. 297, and Carl t. 
Hügel, Reisen, bd. ü. s. 184. 
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oohmm of smoke, which had been observed to rise for months 
together from the Toleano of Pasto, in South America, sud- 
deoly disappeared, when, on the 4äi of February, 1797, the 
province of Qtdto, situated at a distance of 192 miles to the 
south, sufBbred from the great earthquake of Eiobamba. 
Aflber the earth had continued to tremble for some time 
Üffoughout the whole of Syria, in the Oyclades and in Eubea, 
tiie shocks suddenly ceased on the eruption of a stream of hot 
mud on the Lelantine plains near Chalcis.* The intelligent 
geographer of Amasea, to whom we are indebted for the 
notice of this circumstance, further remarks : '' since the 
craters of Etna haye been opened, which yield a passage to 
the escape of fire, and since bmning masses and water have 
been ejected, the country near the sea-shore has not been so 
much shaken as at the time previous to the separation of 
Bidily from Lower Italy, when all communications with the 
external surface were closed." 

We thus recognise in earthquakes the existence of a toI- 
canic force, which although everywhere manifested, and as 
generally diffused as the internal heat of our planet, attains 
but rarely, and then only at separate points, sufficient intensity 
to exhibit the phenomenon of eruptions. The formation of 
Tcins, that is to say, the filling up of fissures with crystalline 
masses bursting forth from the interior (as basalt, melaphyre, 
and greenstone), gradually disturbs the free intercommuni- 
cation of elastic yapours. This tension acts in three different 
ways, either in causing disruptions, or sudden and retroversed 
eleyations, or, finally, as was first observed in a great part of 
Sweden, in producing changes in the relative level of tiie sea 
and land, which, although continuous, are only appreciable at 
intei^vals of long period. 

Before we leave the important phenomena which we have 
considered, not so much in their individual characteristics as 
in their general physical and geognostieal relations, I would 
advert to the deep and peculiar impression lefk on the mind by 
the first earthquake wmch we experience even where it is not 

* Strabo, lib. L p. 100, Gasanb. Th&t the expression vri^ov diawvpov 
vorafiov does not mean erupted mud, but lava, is obyious from a passage 
in Btrabo, lib. vi. p. 412. Compare Walter, in Ms Abnahme der viUhor 
nischen Thätigheit in historisaien Zeiten (On the Deereaae^of YolcaAic 
Activity diuing Historical Times), 1844, s. 25. 

p2 
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attended b^ any subterranean noise.* This impression is nol 
in my opmion the result of a recollection of those fearful 
pictures of devastation presented to our imaginations by the 
iiistorical narratives of the past, but is rather due to the 
sudden revelation of the delusive nature of the inherent fbiüi 
by which we had clung to a belief in the immobility of the 
solid parts of the Earth. We are accustomed from early 
childhood to draw a contrast between the mobility of water and 
the immobility of the soil on which we tread ; and this feeling 
is confirmed bv the evidence of our senses. When, therefore» 
we suddenly föel the ground move beneath us, a mysterious 
and natural force with which we are previously unacquainted 
is revealed to us as an active disturbance of stability. A 
moment destroys the illusion of a whole life—our deceptive 
fidth in the repose of nature vanishes, and we feel transported 
as it were into a realm of unknown destructive forces. Every 
sound — ^the faintest motion in the air — arrests our attention, 
and we no longer trust the ground on which we stand. Ani- 
mals, especially dogs and swine, participate in the same 
anxious disquietude ; and even the crocodiles of the Orinoco, 
which are at other times as dumb as our little lizards, leave 
the trembling bed of the river and run with loud cries into 
the adjacent forests. 

To man the earthquake conveys an idea of some imiversal 
and unlimited danger. We may flee from the crater of a 
volcano in active eruption, or from the dwelling whose destruc- 
tion is threatened by the approach of the lava stream ; but m. 
an earthquake, direct our flight whithersoever we will, we still 

* [Dr. Tschudi, in his interesting work, Travels in Peru, translated 
from the German by Thomasina Ross, p. 170, 1847, describes strikingly 
the effect of an earthquake npon the native and upon the stranger. 
*'No familiarity with the phenomenon can blunt this feeling. The 
inhabitant of Lima, who from childhood has frequently witnessed these 
convulsions of nature, is roused from his sleep by the äiock, and rushes 
from his apartment with the cry of Müericordia ! The foreigner from 
the north of Europe, who knows nothing of earthquakes but by descrip- 
tion, waits with impatience to feel the movement of the earth, and longs 
to hear Mth his own ear the subterranean sounds which he has hitherto 
considered fabulous. With levity he treats the apprehension of a com- 
ing convulsion, and laughs at the fears of the natives ; but as soon as his 
wish is gratified, he is terror-stricken^ and is involuntarily prompted to 
seek safety in flight"]— ^r. 
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feel as if we trod upon the very focus of destmotiim. This 
condition of the mind is not of long duration, ulthough it 
tukes itä origin ia the deepest recesses of our nature ; and 
-rchcn a series of iaint shocks succeed one another, the inha- 
bitants of the country soon lose every trace of fear. On the 
coasts of Peru, where rain and hail are unknown, no less than 
the rolling thunder and the flashing lightning, these luminous 
explosions of the atmoBphere are replaced by the subterraneau 
noises which accompany earthquakes.* Long habit, and the 
■very preralent opinion that daagerous shocks are only to be 
apprehended two or three times in the course of a eentnry, 
cause faint oscillations of the soil to be regarded in Lima with 
scarcely more attention than a hail storm in the temperate 
M>ne. 

Having thus taken a general view of the activity, the inner 
life as it were, of the Earth, in respect to its internal heat, its 
electro- magnetic tension, its emanations of light at the poles, 
and its irregularly-recurring phenomena of motion, we will 
now proceed to the consideration of the material products, the 
chemical changes in the earth's surihee, and the composition 
of the atmosphere, which are all dependent on planettuy vital 
activity. We see issue from the ground steam and gaseous 
carbonic acid, almost always tree from the admixture of 
nitTOgcn,t — carburetted hydrogen gas, which has been used in 

' [" Along the irhole coast of Peru the atmosphere ia Blmceit uni- 
formly in a, state of repose. It ia not illuminated by the ligbtning's 
flash, or disturbed by the roai of the thunder; no deluges of rain, do fierce 
horrieanea, destroy the froita of the fields, and wili them the hopes of 
the husbandman. But the mildness of the elements above ground ia 
frighfully counterbslaoced by their subterranean fiiry. Lima is ^- 
quenlly visited by earthquakes, and eevcral times the city has been 
reduced io a mass of miDS. At an average, forty-five shocks may be 
counted on in the year. Most of them occur in the latlj^r part of 
Octoiwr, in November, Decemlier, January, May, and June. Eiperianc 
gives reason to enpect tho visitation of two desolating earthquakes in 
centuij-. The period between the two ia from forty to sixty years. The 
moat considerable cataatropiies experienced in üma since Europeans 
h«ve visited the west coast of South. Atnerica happened in the yeani 
IfiSe, 1830, 1637, 1713, 1718, 1806. There is reason to fear ttat in the 
course of a few years this city may IiB the proy of another suoh vMta- 
üon.'— Tschndi, op, cit.]—Tr. 

t Bischot's comprehensive work, WärmeUhre des inneren Erdkür- 
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the Chinese provinoe Soe-tscliiian* for se^^eral thousand yean, 
and recently in the TÜlagc of Fredonia in the state of New 
York, United States, in cooking and for ilhiininatiocL, — sulphu- 
retted hydrogen gas and sulphurous vapours,<— and moreraj^f 
Sulphurous and hydrochloric acids4 Sud^ e£Risions fmai m 
fissures of the earth not only occur in the districts of stiH 
burning or long extinguished volcanoes, but they may likewise 
be observed occasionally in districts where neither tradrfte 
nor any other volcanic rocks are exposed on the earth*8 soiv 
&ce. In the chain of Quindiu I have seen sulphur deponted 
in mica slate from warm sulphurous vapour at an elevation of 
6832 feet§ above the level of the sea, whilst the same species 
of rock, which was formerly regarded as primitive, contains, 
in the Cerro Cuello near Tiscan, south of Quito, an immense 
deposit of sulphur imbedded in pure quartz. 

Exhalations of carbonic acid (mqfettes) are even in our days to 
be considered as the most important of all gaseous emanations, 
with respect to their nimiber and the amount of their eflhsion. 
We see in Germany, in the deep valleys of the Eifel, in the 

* On the Artesian fire-springs (Ho-tsing) in China, and the ancient 
use of portable gas ^in bamboo canes) in ike city of Ehinng-tshen, see 
Klaproth, in my Asie Centrale, iii. pp. 519-580. 

f Boossingault {Antiales de Chimie, t. Iii. p. 181,) observed no evo- 
lution of hydrochloric acid from the volcanoes of New Granada, idiile 
Monticelli fomid it in enoimous qnantiiy in the emptioa of YesuviiB in 
1818. 

t [Of the gaseons Compounds of sulphur, one, sulphurous add, 
appears to predominate chiefly in volcanoes possessing a certain degree 
of activity ; whilst the other, sulphuretted hydrogen, has been most 
frequently perceived amongst those in a dormant condition. The occur- 
rence of abundant exhalations of sulphuric acid, which have been 
hitherto noticed chiefly in extinct volcanoes^ as, for instance, in a stream 
issuing from that of Purac^, between Bogota and Quito, from extmet 
volcanoes in Java, is satisfikctorily explained in a recent paper by 
H. Dumas, AnncUes de Chimie, Dec. 1846. He shows that when Bulphft- 
retted hydrogen, at a temperature above 100** Fahr., and still better 
when near 190°, comes in contact with certain porous bodies, a catalytic 
action is set up, by which water, sulphuric acid, and sulphur are pro- 
duced. Hence probably the vast deposits of sulphur associated with 
sulphates of lime and strontian, which are met with in the western parta 
of Sicily.]— TV. 

§ Humboldt, JRectteU d'Observ. Astronomiqueg, 1 1. p. 811 {IfiveUe* 
ment barom&rique de la CordiUdi-e des Andes, No. 206). 
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neighbourhood of the Lake of Laoch,* ia the croter-Uke 
valley of the Wehr and in Weätem Bohemia, exhalations of 
carbonic acid gas manifest themselves as the last efforts of 
volcanic actiyity in or near the foci of an earlier world. In 
Üiose earlier periods, when a Iiigher terrestrial temperature 
eiisted, and when a great nnmher of fissures still remained 
anfilled, the processes we have descrihed acted more power- 
fully, and carbonic acid and hot stenin were mixed in larger 
quantities in the atmosphere, from whence it follows, as 
Adolph Brongniart has ingeniously shown, j* that the primitivo 
vegetable world must have exhibited almost everywhere, and 
independently of geographical position, the must luxurious 
abundance and the fullest development of organism. In these 
constantly wann and damp atmospheric strata, saturated with 
carbonic acid, vegetation must have attained a degree of vital 
activity, and derived tlie superabundance of nutrition necessary 
to Ihmish materials for the formation of the beds of hgnite 
(cod), constituting the inexhaustible means on which are hased 
the physical power and prosperity of nations. Such masses are 
diatiibutfid in basins over certain parts of Europe, occurring 
in large quaatities In the British Islands, in Belgium, in 
France, in the provinces of the Lower Rhine, and in tipper 
Sdeaia. At the same primitive period of universal volcanic 
activity those enormous quantities of carbon must also have 
escaped from the earth which are contained in limestone 
rocks, and which, if separated &om oxygen and reduced to a 
solid form, would oonstitutc about the ei^th part of the abso- 

* [The L:ike oF L^ach, in the diatriel of the Eifel, is an eipaase of 
water two miles in circumference. The tliiekiieaa of the vegeüition oa 
the sides of ita cra,tcr-1ikc baain rcnde rs it difficult to discover the nature 
erf the BnbJÄcent rock, but it ia probably composed of black oelldBr 
ai^itic lava. The aides of the crater present numeroua loose maasee, 
wbicli appear to bave bem ejected, and coosiet oF gkssy feldspar, iet- 
Bpar, sodalite, hanyne, spinellane, and leacito. The reaemblance between 
dieao products and the masses formerly ejected from Vesuvius is most 
ramarlcablc. (Dauljcncy, On VolrMnoes, p. 81.) Dr. Hibbcrt regards 
the Lake of Lasch as formed in tite first Inelance b; a crack caused by 
the cooling of the crust of the earth, "which was widened afterwards inlö 
a BircuJor cavity by the eipanaive force of elaatic vapours. Set History 
Hf (Ac Eiiinü 'Valtanae» of the Baiin qf Naiwied, 1S32.]— ?V. 

•^ Adolph Brongniart, in the Anvidla d^ Saiaica Naturelles, t. xt> 
p. 225. 
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lute bulk of these mountain masses.* That portion of the car- 
bon which was not taken up by alkaline earths, but remained 
mixed with the atmosphere, as carbonic acid, was gradoalh 
consimied by the vegetation of the earlier stages of the worn, 
so that the atmosphere, after being purified by the processes 
of vegetable life, only retained the small quantity which it 
now possesses, and which is not injurious to the present orga- 
nization of animal life. Abundant eruptions of sulphurous 
vapour have occasioned the destruction of the species of 
mollusca and fish which inhabited the inland waters of the 
earlier world, and have given rise to the formation of the con* 
torted beds of gypsum, which have doubtless been firequenüy 
affected by shocks of earthquakes. 

Gaseous and liquid fluids, mud, and molten earths, ejected 
^m the craters of volcanoes, which are themselves only a 
kind of " intermittent springs,** rise from the earth under pre- 
cisely analogous physical relations.f All these substances 
owe their temperature and their chemical character to the 
place of their origin. The mean temperature of aqueous 
springs is less than that of the air at the point whence tiiey 
emerge, if the water flow from a height ; but their heat in- 
tsreases with the depth of the strata with which they axe in 
-contact at their origin. We have already spoken of the 
numerical law regulating this increase. The blending of 
waters that have come from the height of a moimtain with 
those that have sprung from the depths of the earth, render it 
difficult to determine the position of the Isogeothermal lines^ 
(lines of equal internal terrestrial temperature), when this 
determination is to be made from the temperature of flowing 
springs. Such at any rate is the result I have arrived at from 
my own observations and those of my feUow travellers in 
Northern Asia. The temperature of springs, which has become 
the subject of such continuous physical investigation during 

* Bischof, op. cit., s. 324, Anm. 2. 

t Humboldt, Äste Centrale, t. i. p. 43. 

t On the theory of isogeothennal (chthonisothennal) lines, consult 
the ingenious labours of Kupffer, in Fogg. AnnaUn, bd. xv. s. 184, and 
bd. xxxii. 8. 270, in the Voyage dans VOural, pp. 382-398, and in the 
EdinJmrgh Journal of Science, New Series, vol. iv. p. 355. See also 
Eämtz, Lehrh, der Meteor., bd. ii. s. 217 ; and, on the ascent of tho 
chthonisothennal lines in mountainous districts, Bischof, s. 174-198. 
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äntury, doponds, like the elevation of the line 
Q very miny simidtaneoua and deeply 
9 a (unction of lie temperature of the 
stratum in which they take their rise, of the specific heat of 
the soil, and of the quantity and temperature of the meteoric 
■water,* which is itself difterent from the temperature of the 
lower strata of the atmosphere, according to the dififerent 
modes of its origin in rain, snow, or hailf 

Cold springs can only indicate the mean atmospheric tem- 
perature when they are unmixed with the waters risiug from 
groat depths, or descending from considerable momitain eleva- 
tions, and when they have passed through a long course at a 
depth from the surface of tie earth which is equal in our lati- 
tudes to 40 or 6U feet, and, according to Boussiugault, to about 

• Leop. V. Büüh in Pogg. AnTiolen, bd. lii. a, JOB. 

+ On tlie tompetatara ot the dropa of mn in Cumana, »hieh fell to 
72°, when the temperature of the air shortly hcfore had been Sö°, and 88°, 
and during the rain aant to 74°, eeo mj Bdat. hisL, t. ii. p. 22. Tho 
rein-drope while faUing change the normal tempentture thej originally 
pOBMBsed, which depends on the height of the olonda from which they 
fell, and their heating on their npper Bor&ce hy the solar raye. The 
nun-dropa on their Erat production have a higher temperature than the 
sarrounding mcdioui in the superioc strata of our atmosphere, in conse- 
qnence of the liberation of their latent beat ; and they uonlinue to rise 
in tcmpetalure, since in fhlling through lower and varmer strata vapour 
ja precipitated on them, and thcj thus increasa in size (Bischof 
WärmtUh-Te de» inneren ErdkSrpera, e. 73) ; but thia additional heat- 
ing is compctuatcd for by evaporation. The cooling of the air by rain 
(putting out of tie question what probably belongs to the oloctric pro- 
ves in storms) is effected by the drops, which are themselves of lower 
temperature, in consequesce of the cold situation In which they were 
formed, and bring dona with them a portion of the higher colder air, and 
wbdub finally, by moistening the ground, give rise to evaporation. Xbcao 
are the ordinary relations of the phEnomenon, When, as occasionally 
happens, the rain-dropa are wanner than the lower strata of the atmo- 
sphere, (Humboldt, Ret, hut., t. Üi. p. 513,) the cause must probably 
bb sought in higher warmer cuirentEi, or in a higher temperature of 
widely extended and not very thick clouds, from the action of the Sun's 
rays. How, moreover, the phenomenon of supplementary rainbows, 
which are explained by the iuterfercace of light, is connected with the 
original and increasing size of the falling drops ; and how an optical 
phenomenon, if we know how to observe it accurately, may enlighten us 
r^arding a meteorological process, according to divetaty of iione, baa 
been shown, witb much talent and ingenuity, by Arago, in ÜMÄnnwUte 
for 1638, p. SOO. 
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one foot in the equinoctial regions ;* these being Üie dqpAi 
at which the invariability of the temperature b^;ins in te 
temperate and torrid eones, that is to say, the depths at "wixA 
horary, diurnal, and monthly changes of heat in the atmosphoR 
cease to be perceiyed. 

Hot springs issue from the most various kinda of rocks; Ük 
hottest permanent springs that have hitherto been obaerred 
are, as my own researches confirm, at a distance from all vol- 
canoes. I will here advert to a notice in my journal of the 
Aguas calientes de las Trtncheras in South America, between 
Porto CabeUo and Nueva Valencia and the Agueu de Cömtm 
gillas in the Mexican territory, near Guanaxuato ; the fonnar 
of these, which issued from granite, had a temperature of 194'*'5 
the latter, issuing from basalt, 205°'5. The depth of the sonroe 
from whence the water flowed with this temperature, judging 
from what we know of the law of the incpease of heat in the 
interior of the earth, was probably 7140 feet, or above two miks. 
If the imiversally diffused terrestrial heat be the cause of ther- 
mal springs, as of active volcanoes, the rocks can only exert an 
influence by their different capacities for heat and by iSbär 
conducting powers. The hottest of all permanent springs 
(between 203° and 209®) are likewise in a most remarkable 

* The profound investigations of BoussingMilt fhBj convince me liat 
in the tropics the temperature of the ground, at a very slight depth, 
exactly corresponds with the mean temperatiure of the air. The follow- 
ing instances are sufßcient to illustrate this &ct : — 

Temperature at i 

Stations within Tropical French foot [1*006 of Mean Te mp er atu t a Height, in EngUsh feet. 

Zones« the Englhih Coot] below of the air , *bov« tko torel of tbeaea. 
the earth's surlace. 

Guayaquil 78*8 

Anserma Nuevo ... 74"6 

Zupia 70*7 

Popayan 64*7 

Quito 69-9 



78-1 ... 

74-8 ... 3444 

70-7 ... 4018 

65-6 ... 6929 

59*9 ... 9659 



The doubts about the temperature of the earth within the tropics, of 
which I am probably in some degree the cause by my obserrationB on 
the Cave of Caripe (Cueva del Guacharo), {Rd, hist., t. iiL pp. 191- 
196), are resolved by the consideration that I oomparod the presumed 
mean temperature of the air of the convent of Garipe, 65°'S, not with 
ih& temperature of the air of the cave, 65**'6, bat with the temperatore 
of the subterranean stream, 62*^*3 ; although I observed (Rd. hist., t ÜL 
pp. 146 and 194,) that mountain water from a great height might piD- 
bably be mixed with the water of the cave. 
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degree the purest, and such as hold in solution the smallest 
quantity of mineral substances. Their temperature appears on 
tiiewhoie tobe less constant than that of springa between 122° 
find 165° which in Europe at least have maintained in a most 
remarkable manner their invariability of heat and mineral eo«- 
tmts during the last fifty or sixty years — a period in which 
thermometiical mcBSorements and chcndcal anolyBCS have 
been applied with increased exactness. Bouasingault ftrtind in 
1823, that the thermal springs of Las Trincheras had risen 12° 
during the twenty-three years that had intervened since ray 
travels in 1800.* This calmly-flowing spring is therefore 
now nearly 12° hotter than the intermittent fountains of the 
Geyser and the Strokr, whose temperature has recently been 
most carefully determined by Krug of Nidda. A very strik- 
ing proof of the origin of hot springs by the sinking of cold 
meteoric water into the earth, and by its contact with a volcanic 
focus, is afforded by the volcano of JoruUo in Mexico, ■which 
waa unknown before my American journey. When in Sep- 
tember, 1759, Jorullo was suddenly elevated into a mountain 
J183 feet above the level of the surrounding plain, two small 
rivers, the Rio de CuiÜrnba and Rio de San Pedro, disappeared, 
and some time afterwards burst forth again, during violent 
shocks of an earthquake, as hot springs, whose temperature I 
found in 1803 tobe 186''-4, 

The springs in Greece still evidently flow at the same places 
as in the times of Hellenic antiquity. Tlie spring of Erasinoe, 
two hours' journey to the south of Argos, on the declivity of 
Chaen, is mentioned by Herodotus. At Delphi we still see 
Caasotis (now the springs of St. Nicholas) rising south of the 
Lesche, and flowing beneath the Temple of Apälo ; Castalia, 
at the foot of Fhsdriadse; Fircne, near Aero- Corinth ; and 
the hot baths of ..SMipsus, in Eubcea, in which Sulla bathed 
during the Mithridatic war.f I advert with pleasure to these 

* Bouaüngimll, in tho Ännalea de Ckimie, t liL p, 131. The apring 
«f ChaudesAlguea, inAuvergni), is (mly 176°. Ilia also tobe observed, 
that »bitBt the Aguai Cilientes de Ins Trinchene, Eouth of Forto 
CaboUo (Venezuela), springing from granits cleft in regulsr bflda, and 
bl from all volcanoes, have a temperature of fully EOS'-G, all Iha springs 
wMoh rise in tbe vioinitj of atill boüvo volcanoiM (Paato, Cotopaii, and 
Tnnguiagna) have a temperature of only 97°-130°. 

+ Caaaolis (the spring of St. Nicholas) and CaslAlia, at the Pbsedriaite, 
mentioned in Faiuama^, x 2i, 2G, aad z. 8, S; Fireao (Acro-Corinth), 
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facts, as they show us that even in a country subject to fre- 
quent and yiolent shocks of earthquakes the interior of our 
planet has retained for upwards of 2000 years its ancient con- 
figuration, in reference to the course of Üie open fissures that 
yield a passage to these waters. The Fontaine jaillissante of 
Lillers, in the Department des Pas de Calais, which was bored 
as early as the year 1126, stiU rises to the same height and 
yields Üie same quantity of water ; and as another instance, I 
may mention that the admirable geographer of the Caramanian 
coast, Captain Beaufort, saw in the district of Phaselis the same 
flame fed by emissions of inflammable gas which was described 
hj Pliny as the flame of the Lycian Chimera.* 

The observation made by Arago in 1821 that the deepest 
Artesian wells are the warmest,! threw great light on the 
origin of thermal springs, and on the establishment of the law 
that terrestrial heat increases with increasing depth. It is a 
remarkable fact, which has but recently been noticed, that 
at the close of the third century St. Patricius,J probably 

in Strabo, p. 879 ; the spring of Erasino« at Monnt Chaon, south of 
Arges, in Herod, vi. 67, and Pausanias, ii. 24, 7 ; the springs of ^dipsus 
in Euboea, some of which have a temperature of 88", whilst in others it 
ranges between 144° and 167", in Strabo, pp. 60 and 447, and Athensos, 
iL 3, 73 ; the hot springs of Thermopylae, at the foot of (Eta, with a tem- 
perature of 149". All from manuscript notes by Professor Curtius, the 
learned companion of Otfried Müller. 

♦ Pliny, ii. 106; Seneca, Epiat. 79, § 3, ed. Ruhkopf, (Beaufort, 
Survey of the Coast of Karamania, 1820, Art. Yanar near Deliktasch, 
the ancient Phaselis. p. 24). See also Ctesias, Fragm., cap. 10, p. 250, 
^. Bahr; Strabo, lib. xiv. p. 666, Casaub. 

[" Not far from the Deliktash, on the side of a mountain, is the per- 
petual fire described by Captain Beaufort. The travellers found it as 
brilliant aß ever, and even somewhat increased, for, besides the large 
flame in the comer of the ruins described by Beaufort, there were small 
jets issuing from crevices in the side of the crater-like cavity five or six 
feet deep. At the bottom was a shallow pool of sulphureous and turbid 
water, regarded by the Turks as a sovereign remedy for all skin com- 
plaints. The soot deposited from the flames was regarded as efficacious 
for sore eyelids, and valued as a dye for the eyebrows." See the highly 
interesting and accurate work. Travels in Lycia, by Lieut Spratt and 
Professor E. Forbes.] — Tr. 

f Arago, in the Annuairepour 1835, p. 234. 

t Acta S. Pairicii, p. 555, ed. Ruinart, t. ii. p. 385, MazochL 
Bureau de la Malle was the first to draw attention to this remarkabla 
passage in the Becherches sur la Topographie de Cartilage, 1885^ 
i>. 276. (See also Seneca, NoX, Qxu]B8t., m. ^4.^ 
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On being aaked what was the eauae of boiling water bursting- 
from the earth, he replied, " Fire is nourished in the etouds 
and in the interior of the earth, aa Etna and other mountains 
near Naples may leach you. Tlie subterranean watora rise as 
if through siphons. The cause of hot springs is this : 'watei-s 
which are more remote from the subterranean fire are colder, 
whilst those which rise nearer the fire are heated by it, and 
bring with them to the suiface which we inhabit an insup- 
portable degree of heat." 

Ab earthquakes are often accompanied by eruptions of 
■water and vapouis, we recognise in the Salses,* or small mud- 
volcanoes, a transition from the changing phenomena presented 
by these eruptions of vapour and thermal springs, to the 
more powerful and awful activity of the streams of lava that 
flow from volcanic mountains. If we consider these moun- 
tains as springs of molten earths producing volcanic rocks, we 
miut remember that thermal waters, when impregnated with 
carbonic acid and sulphurous gases, arc continually forming 
borisontally ranged strata of limestone, (travertine), or conical 
elevations, as in Northern Afiica (in Algeria) and in the Baiios 
of Caxamnrca on the western declivity of the PennHan Cor- 
dilleras. The travertine of Van Diemen'e Land (near Hobart 
Town) contains, according to Charloa Darwin, remains of a 
vegetation that no longer esists. Lava and travertine, which 
ore constantly forming before onr eyes, present us with the 
two extremes of geognostic relations. 

Saüet deserve more attention than they have hitherto re- 
ceived from geognosists. Their grandeur has been overlooked, 
because of tue two conditions to which they are subject, it is 
only the more peaceful state in which they may continue for 
oentniies, which has generally been described ; their origin is 
however accompanied by earthquakes, subterranean thimder, 

* [Troe ToIcanoeB, oa ve hare secu, generate sulplinretteil bydro^n 
and muriatic ncid, upheave tracU of Und, and emit Btreame of mclttd 
/etdlpathic materials ; äalsee, uu tlie contrary, disengage little elee but 
carburetted hydrogea, (ngetber with bitimien aud other producta nf tbe 
dUtUlation of coal, and pour forth no other l«rr«nla except of mud, or 
n^laeeous materials mixed up with tmler. Dnubeaej, op. cit,, 
p. 8t0-]— TV. 
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the elevation of a whole district, and lofty emissions of flame rf 
short duration. When the mud volcano of Jokmali began t» 
form, on the 27th of November, 1827, in the peninsula cf 
Absdieron, on the Caspian sea, east of Baku, the flames flashed 
iq> to an extraordinary height for three hours, whilst during ths 
next twentr hours they scarcely rose three feet above the canta^ 
from which mud was ejected. Near the village of RatlidiKi 
west of Baku, the flames rose so high that they could be se« 
at a distance of twenty-four miles. Enormous masses of rock 
were torn up and scattered around. Similar masses may be 
seen round Üie now inactive mud volcano of Monte ZuiO} 
near Sassuolo, in Northern Italy. The secondary condition of 
repose has been maintained for upwards of fifteen oentories ia 
the mud volcanoes of Girgenti, the MacalMj in Sicily, whieh 
have been described by the ancients. These salses consist of 
many contiguous conic^ hills, from ei^t to ten, or even tlnxty 
feet in hei^t, subject to variations of elevation as well as a 
form. Streams of argillaceous mud, attended by a periodie 
development of gas, flow from the small basins at the summits, 
which are fiUed with water ; the mud, although usually cold^ 
is sometimes at a high temperature, as at Damak, in the 
province of Samarang, in the island of Java. The gases that 
are developed with loud noise differ in their nature, consisting, 
for instance, of hydrogen mixed with naphtha, or of carbonic 
acid, or, as Parrot and myself have shown (in the peninsult 
of Taman, and in the Volcancitos de Turbaco, in South 
America), of almost pure nitrogen.* 

Mud volcanoes, after the first violent explosion of fire, 
which is not perhaps in an equal degree common to all, 
present to the spectator an image of Ihe uninterrupted but 
weak activity of the interior of our planet. The commumca« 
tion with the deep strata in which a high temperature prevails 
is soon closed, and the coldness of the mud-emissions of the 
salses seems to indicate that the seat of the phenomenon 

• Humboldt, Sd. hut t. iü. p. 662-667! Asie Centrale, tip. 43, 
t ii. pp. 606-616; Vv^ des CordiUdres, pi. zli. Begarding the McuidMn 
(the Arabic Makhhtb, the overthrown or inverted, from the word Khcdaba), 
and on " the Earth ejecting fluid earth/' see Solinus, cap. 6 : " idem ager 
Agrigentinus eructat limoeas scaturigenes, et ut vensa fontium sufficiunt 
riiifi Bubministrandis, ita in hac Siciliaa parte solo nunquam defioieate, 
eetema rejectatione terram terra eyomit.'' 



cannot be far remoTed from the surface during their ordinary 
condition. The reaction of the interior of the Earth on its 
e«temal aurfiice is eiliibited with totally different force in true 
volcanoes or igneous mountainB, at points of the Earth in 
which a permanent, or at least c ontinuolly renewed connexion 
with the volcanic force ia manifested. We must here carefully 
distinguish between the more or less intensely developed 
volcanic phenomena — as, for insUncc, between earthquakes, 
liennal, aqueous and gaseous springs, mud volcanoes, and the 
appearance of bell-formed or dome-shuped trachytic rocks 
without openings ; the opening of tliesc rocks, or of the ele- 
Tated. beds of basalt, as craters of elevation ; and lastly, the 
elevation of a permanent volcano in the crater of elevation, 
or amongst the dihris of its earlier formation. At different 
periods, and in different degrees of activity and force, tho' 
permanent volcanoes eniit steoai, acids, luminous scorife or, 
when the resistance can be overcame, narrow band-like streams 
of molten earths. Elastic vapours sometimes elevate either 
separate portions of the Earth's crust into dome-shaped un- 
opened masses of feldspathie trachyte and dolerite (as in 
I^y de Dome and Chimhorazo), in consequence of some great 
or local manifestation of force in the interior of our planet, or 
the upheaved strata arc broken through and curved in such a 
manner as to form a steep rocky ledge on the opposite inner 
side, which then constitntes the enclosure of a crater of ele- 
vation. If this rocky ledge has been uplifted from the bottom 
of the sea, which is by no means always the case, it determines 
the whole physiognomy and form of the island. In this manner 
has arisen the circiUnr form of Palma, which Itas been de- 
scribed with such admirable accuracy by Leopold von Buch, 
and that of Nisyros.* in the .ffigean sea. Sometimes half of 
the annular ledge has been destroyed, and in the bay formed 
by the cacroachmeut of the sea corallines have built their 
cellular habitations. Even on continents craters of elevation 
are often filled with water, and embellish in a peculiar manner 
the character of the landscape. Their origin is not connected 
with any determined species of rock : they break out in 
basalt, trachyte, leucitic porphyry (sommn), or in doleritio 
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mixtures of augite and labradorite ; and hence arise the 
different nature and external conformation of these enclosureB 
of craters. No phenomena of eruptions are manifested in muk 
craters, as they open no permanent channel of communicatioB 
with the interior, and it is but seldom that we meet wilb 
traces of volcanic activity either in the neighbourhood or in the 
interior of these craters. The force which was able to produce 
so important an action must have been long accumulating in 
the interior before it could overpower the resistance of the 
mass pressiDg upon it ; it sometimes, for instance, on the 
origin of new islands, will raise granular rocks and conglome- 
rated masses (strata of tufa filled with marine plants), above 
the surj&ice of the sea. The compressed vapours escape throng 
the crater of elevation, but a large mass soon fiiUs back i^ 
closes the opening which had been only formed by these 
manifestations of force. No volcano can, therefore, be pro- 
duced.* A volcano, properly so called, exists only where a 
permanent connexion is established between the interior of 
the Earth and the atmosphere, and the reactionof the interi<Rr 
on the sur&ce then continues during long periods of time. 
It may be interrupted for centuries, as in the case of 
Vesuvius, Fisove,t and then manifest itself with renewed ac- 

* Leopold von Buch, Phys. Beschreibung der Canarischen Itueln, 
8. 826 ; and his Memoir über Erhebungacratere und Vulcane, in Poggend. 
Annal., bd. xxxvii. s. 169. 

In his remarks on the separation of Sicily from Calabria, Strabo gires 
an excellent description of the two modes in which islands are formed : 
'* Some islands," he observes (lib. vi. p. 258, ed, Casaub.) " are frag- 
ments of the continent, others have arisen from the sea, as even at the 
present time is known to happen : for the islands of the great ocean, 
lying far from the main land, have probably been raised from its depths, 
while on the other hand those near promontories appear (according to 
reason) to have been separated from the continent." 

f Ocre Fisove (Mons Yesuvins), in the Umbrian language (Lassen, 
Deutung der Eu^gvhiniachen Tafeln in Rhein. Museum, 1832, s. 387.) 
The word ochre is very probably genuine Umbrian, and means, according 
to Festus, mountain. ^Btna would be a burning and shining mountain, 
if Voss is correct in stating that Alrvrj is an hellenic sound, and is 
connected with alow and alOipog; but the intelligent writer, Parthey, 
doubts this hellenic origin on etymological grounds, and also because 
.£tna was by no means regarded as a luminous beacon for ships or 
wanderers, in the same manner as the eyer-travailing Stromboli, (Stron- 
gyle), to which Homer seems to refer in the Odyssey (xii, 68, 202, 
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tivity. In the time of Nero, men were disposed to rank Etna 
among the voleanie mountains which were gradually becoming 
extinet;* and subsequently jElia.nf even maintained that 
mariners could no longer see the sinlfing summit of the moun^ 
tain from so great a distance at sea. Where these evidences 
— these old scaffoldings of eniption, I might almost say — 
BtUl exist, the volcano rises from a crater of elevation, while a 
high rocky wall surrounds, like an amphitheatre, the isolated 
conical mount, and forms around it a kind of casing of highly 
elevated strata. Occasionally not a trace of tliis enclosure is 
visible, and the volcano, which is not always conical, rises 
immediately from the neighbouring plateau in an elongated 
fiwm, as in the case of Picbinclia.,^ at the foot of which lies 
the city of Quito. 

As the nature of rocks, or the mixture (grouping) of simple 
minerals into granite, gneiss, and mica slate, or into trachyte, 
basalt, and dolorite, is independent of existing chmates, and is 
the same under the most varied latitudes of the Earth ; so also 
vre find everywhere in inorganic nature, that the same laws of 
configuration re°:ulatc the reciprocal superposition of the 
strata of the Earth's crust, cause diem to penetrate one another 
in the form of veins, and elevate them by the agency of 
elastic forces. This constant recurrence of the same phe- 
and 219), und its geogrupbical poHition was not so well determined. 
I mspeot that EUia would be found to b« n. Skiliim word, if yie had aay 
frapnentaiy malerials to rofer to. According to Diodorus (v. 6.), Ue 
Slcani, or aborigines preceding the Sitilianfl, were compelled to fljto 
the western part of the island, in oinseqnence of snccessive eruptions 
extending over maoj years. The most ancient eruption of Mount Etna 
on record is that mentioned by Piadar and Jlachjlui, as occurring under 
Hiera, in the sccood year of the TCith Olympiad. It ia probable Out 
Heriod was aware of Üe de vasla ling eruptions of Etna before ^e period 
of OreekiDimigration; there is, howerer, soma doubt regarding tbe word 
Airvij in the teit of Heaiod— a subject into which I have entered at 
some length in another place. (Humboldt, Enanen crit. de U Otogr^ 
t. L p. 168.) 

• Seneca, Epüi. T9. 

+ ^lisju, Va.r.Hkl.,\ui. U. 

i [This mountain contains two fannel-shaped cratori, apparentlj 
remilting from two sets of eraplions : the wegtcm nearly ciruular and 
having in it« centre a cone o( araption, from the summit and ndes of 
whieb are no less than seventy vente, some in activity and olbEra eitineU 
It is probable tbut the larger number of the vents were produced at 
pMiodi auteiior to history. DaubeDey,op.cit.,p.488,]— 9> 
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nomexia is most strikingly maDifested in Toloaiioes. Whm 
the mariner, amid the islands of some distant archip^ago«.]B 
no longer guided by the light of the same stars wäh whicii 
he had been familiar in his native latitade, and sees hiasetf 
surrounded by palms and other forms of an exotic vegetatioB, 
he still can trace reflected in the individual ehanirteriaties- of 
the landscape, the forms of Vesuvius, of the dome-filiaped 
summits of Auvergne, the craters oi elevation in the Canazies 
and A2x>res, or the fissures of eruptien ul loeland. A gknee 
at the satellite of our planet vnR impart a wider generaHa- 
ation to this analogy of configuration. By means of tiie 
charts that have been drawn in accordance with the observ- 
ations made with lai^ telescopes, we may recognise in the 
Moon, where water and air are both absent, vast craters of 
dlevation surroimding or supporting conical mountains, thus 
affording incontrovertible evidence of the e£Eects p?odnced by 
the reaction of the interior on the surface, favoured by the 
iofluence of a feebler force of gravitation. 

Although volcanoes are jusüy termed in many languages 
<< fire-emitting mountains,'* mountains of this kind are not 
formed by the gradual accumulation of ejected curr^its of 
lava ; but their origin seems rather to be a general conse- 
quence of the sudden elevation of soft masses of trachyte or 
labradoritic augite. The amount of the elevating force is 
manifested by the elevation of the v(^cano, which varies icom 
the inconsiderable height of a hill (as the volcano of Cosima, one 
of the Japanese Kiuile islands) to that of a cone above 19,000 
feet in height. It has appeared to me that relations of height 
have a great influence on the occurrence of eruptions, wl^ 
are more frequent in low than in elevated volcanoes. I might 
instance the series presented by the following mountains: 
Stromboli, 2318 feet ; Gnacamayo, in the province of Quixos, 
from which detonations are heard almost daily, (I have myself 
often heard them at Chillo, near Quito, a distance of eighty- 
eight mües;) Vesuvius, 3876 feet; Etna, 10871 feet; the 
Peak of Teneriffe, 12,175 feet; and Cotopaxi, 19,069 feet. 
If the focus of these volcanoes be at an equal depth below the 
surface, a greater force must be required where the fused 
masses have to be raised to an elevation six or eight tiaaaes 
^eater than that of the lower eminences. Whilst the Toleano 
ötromboli (Strpngyle) has been incessantly active since ths 
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Homeric ages, and has served na a heacon-light to guide the 
mariner in the Tyrrbenian Sea, loftier volcanoea hare been 
characteiTzed by long interrals of quiet. Thus we see that a. 
whole century often intervenes between the eruptions of moat 
of the eolosai wbicli orown the summits of the Conülleras of 
the Andes. Where we meet with exceptions to this law, to 
■which 1 long since drew attention, they must depend upon 
the cixeumstimce that the connexions between the volcanic 
foci and the crater of eruption cannot be considered na 
equally permanent in the case of all volcanoes. The channel 
of communication may be cioeed for a time in the case of the 
lower ones, so that they less frequently eome to a state of 
«Tiption, although they do not on that account approach more 
nearly to their final extinction. 

These relations between the absolute height and the fte- 
quency of volcanic emptirais, as far as they are cxteraally 
perceptible, are intimately connected with the consideration 
of the local conditions mider which lava currents are erupted. 
Eruptions from the crater are very unusual in many moun- 
tains, generally occurring fiDm lateral fisBures, (as was ob- 
served in the case of Etna, in the sixteenth century, by the 
celebrated historian, Bembo, when a youth,*) wherevej" the 
sides of the upheaved mountain, were least able, from their 
configuration and position, to offer any resistance. Cones of 
eruption are sometinwa uplifted on these fissures ; the lat^r 
one«, which are erroneously termed new volcanoes, ore ranged 
together in a line marking the direction of a fisaure, which is 
soon reclosed, whilst the smaller ones are grouped together, 
covering a whole district wiüi their dome-like, or hive-shaped 
forms. To the latter beloi^ the homilos de JontUo,\ the 

• Pstri Bembi Opnaculii, (.^na IHaiogta,) Baal, 1568. p, 63: 
"Quicqiiid in Mta^ matris ntero ooalesuit, nanquam. exit ci emigre 
eapcTtoi«, qaod vel eo inscaiidere grstu materia uoa ijueat, vel, quia 
iaienua alia Epiram^ita sunt, noa üt opus. Despumant flunmie ur^n- 
tjbae igaci rivi plgro fluxu totas delanibenlca piagas, eC in lapidem 
indurescDnt." 

f See my drawing of the Volcimo of Jonillo, of its korni6oa, and of the 
uplifted malpayt. in my fite» de Conliäärea, pi. xliii. p 239. 

[Burokhardt statca üiat during Ue twenty-foui jeua th»l havB iator- 
vencd einoc Bacon Hamlioldt'a visit I« Jonillo, lite hoemlot ' 
wholly diB^peared, or completely iihaoged tbetrEtmns, 9ee 
itnJ Beieeih tn Jfta^co tn 1825 itnd laSi-^—Tr. 
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cone of Vesuvius erupted in October, 1822, that of Awatschi, 
according to Postels, and those of the lava-field mentioned by 
Erman, near the Baidar Mountains, in the peninsula of 
Kamtschatka. 

When volcanoes are not isolated in a plain, but surrounded, 
as in the double chain of the Andes of Quito, by a table-land 
having an elevation from nine to thirteen thousand feet, thiis 
circumstance may probably explain the cause why no lava 
streams are formed* during the most dreadful eruption of 
ignited scoriae accompanied by detonations heard at a distance 
of more than a hundred miles. Such are the volcanoes of 
Popayan, those of the elevated plateau of Los Pastes and of 
the Andes of Quito, with the exception, perhaps, in the case 
of the latter, of the volcano of Antisana. The heigbt of the 
oone of cinders and the size and form of the crater are ele- 
ments of configuration which yield an especial and individual 
character to volcanoes, although the cone of cinders and the 
crater are both wholly independent of the dimensions of the 
mountain. Vesuvius is more than three times lower than thfe 
Peak of Tenerifie ; its cone of cinders rises to one-third of the 
height of the whole mountain, whilst the cone of cinders of 
the Peak is only -3^ of its altitude.f In a much higher vol- 
cano than that of Teneriffe, the Rucu-Pichincha, otiier rela- 
tions occur which approach more nearly to that of Vesuvius. 
Amongst all the volcanoes that I have seen in the two hemi- 
spheres, the conical form of Cotopaxi is the most beautifully 
regular. A sudden fusion of the snow at its cone of cinderö 
announces the proximity of the eruption. Before the smoke is 
visible in the rarefied strata of air surrounding the summit and 
the opening of the crater, the walls of the cone of cinders are 
sometimes in a state of glowing heat, when the whole moun- 
tain presents an appearance of the most fearful and portentous 

* Humboldt^ Eaaai mir la Giogr. des PUmtea et Tableau Phys. des 
Bigions JSqtdnoxiales, 1807, p. 130, and Ussai GSogn. sur le Oisement 
des Boches, p. 321. Most of the volcanoes in Java demonstrate that the 
cause of the perfect absence of lava-streams in volcanoes of incessant 
activity is not alone to be sought for in their form, position, and height 
Leop. Von Buch, Descr.pkys. des Iks Canaries, p. 419 ; Beinwardt and 
Hoffinami, in Poggend., Annaien., bd. zii. s. 607. 

t [It may be remarked in general, although the rule is liable to ezee]^ 
tions, that the dimensions of a crater are in an inverse ratio to ii» 
elevation of the mountain. Daubeney, op. eit, p. 444.] — ^« 
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blockaesB. The crater, which, with very few exooptlons, occu- 
pies the Buminit of the volcano, forms a deep cauldron- like 
valley, which is often accessible, and whose bottom is subject 
to constant alterations. The great or lesser deptli of the crater 
Ü in many volcanoes likewise a sign of the near or distant 
occurrence of on eruption. Long narrow fissures, from which 
vapours issue forth, or small roundish hollows filled with 
molten masses, alternately open and close in the cauldron-like 
valley ; the bottom rises and sinks, eminences of scoriic and 
cones of eruption are foimed, rising sometimes far over the 
walls of the crater, aud continuing for years together to im- 
part to the volcano a peculiar cliaracter, and then suddenly 
fall together and disappear during a new eruption. The 
openings of these cones of eruption, which rise fi^oui the 
bottom of the crater, must not, as is too often done, be con- 
founded with the crater which encloses them. If this be in- 
accessible &om extreme depth and from the perpendicular 
descent, as in the case of the volcano of Rucu-Pichineha, 
■which is 15,920 feet in height, the traveller may look from 
the edge on the summit of the jnountains which rise in the 
sulphurous atmosphere of the valley at his feet ; and I have 
never beheld a grander or more remarkable picture than that 
presented by this volcano. In the interval between two erup- 
tione, a cratov may cither present no luminous appearance, 
showing merely open fissures and ascending vapours, or the 
scarcely heated soil may he covered by eminences of scoriffi, 
that admit of being approached without danger, and thus pre- 
sent to the geologist the spectacle of the eruption of burning 
and fiised masses, which fall back on the ledge of the cone of 
scoriie, and whose appearance is regularly announced by smalt 
wholly local earthquakes. Lava Bomelimcs streams forth from 
the open fissures and small hollows, without breaking through 
or escaping beyond the sides of the crater. If, however, it does 
break through, the newly-opened terrestrial stream generally 
flows in such a quiet and well-defined course, that the deep 
valley, which we term the crater, remains accessible even 
during period.'! of eruption. It is impossible, without an ex- 
act representation of the configuration — the normal type, BS 
it were, of fire -emitting mountains, to form a just idea of those 
phenomena, which, owing to fantastic descriptions and an 
undefined pbxuseologf , have long been comprised under the 
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head of craters^ cones of eruption, aod volcan9e$. The margiml 
ledges of craters vary much less than one would be la te 
suppose. A comparison of Saussure's measurements with mj 
own, yields the remarkable result, for iBstanee, that in th» 
course of forty-nine years, (from 1773 to 1822,) the eleyatba 
of the north-western margin of Mount Vesuvius (Rocca del 
Palo) may be considered to have remained unchanged.* 

Volcanoes which, like the chain ci the Andes, lift iSbesar 
summits high above the boundaries of the region of perpetial 
snow, present peculiar phenomena. The masses of snow by 
their sudden fusion during eruptions occasion not only the 
most fearful inundations and torrents of water in which 
smoking scorias are borne along on thick masses of ioe, b«t 
they likewise exercise a constant action whilst llie volcano ii» 
in a state of perfect repose, by infiltration into the fissures of 
the trachytic rock. Cavities which are eilher <mi the declivity 
or at the foot of Ihe mountain, are gradually converted ^^ok» 
subterranean reservoirs of water, winch communicaite by 
numerous nanrow openings with moimtain streams, as w« see 
exemplified in the highlands of Quito. The fishes of these 
rivulets multiply especially in the obscurity of the hoUows, 
and when the shoclü of earthquakes which precede all erup- 
tions in the Andes have violently shaken the whole mass of 
the volcano, these subterranean caverns are suddenly opened, 
and water, fishes, and tuffaceous mud are all ejected together. 
It is through this singular phenomenonf that the inhabitants 
of the highlands of Quito became acquainted with the existence 
of the little cyclopic fishes, termed by them the prenadilla. 
On the night between the 19th and 20th of Jime, 1698, when 
the summit of Carguairazo, a mountain 19,720 feet in height, 
fell in, leaving only two huge masses of rock remaining of the 
ledge of the crater, a space of nearly thirty-two square miles 
was overflowed and devastated by streams of liquid tuflßi and 
argillaceous mud, {lodazales,) containing large quantities of 
dead fish. In like manner, the putrid fever, which raged 
seven years previously in the mountain town of Ibarra, north 

* See the groimd-work of my measoremeixts oompared with those of 
Saussnre and Lord Minto, in the Abhandhmgen der Akademie der 
Wise, zu Berlin, for the years 1822 and 1823. 

+ Pimelodes cyclopnm; see Humboldt, Hecueil cTObservations de- 
Zoologie et d Anatomie CompoHie, 1. 1. p. 21-96. 
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ef ftuito, was aeoribed to the qection of fish from the Tolcano 
of Imbabnru.* 

I r Water and mud, which flow not from the crater itself, but 
from, the hollows in. the trachj^ü mass of the momitain, can- 
not, strictly speaking, be classed amongst volcanic phenomena. 
They are only indirectly connected with the volcanic activity 
cf the mountain, resembling, in that respect, the singular me- 
teorological process which I have designated in my earlier 
writings by the term of volcanic storm,. The hot stream 
wbieh rises from the crater dming the eruption, and spreads 
itsetf in the atmosphere, condenses into a cloud, and surronnds 
the column of fire and cinders which rises to an altitude of 
many tbousand feet. The sudden condensation of the vapours, 
and, as Gay Lussac has shown, the formation of a cloud of 
enormous extent, increase tlie electric tension. Forked 
lightning flashes from the column of cinders, and it is then 
easy to distinguish (as at the close of the eruption of Momit 
Vesuvius, in the latter end of October, 1822) the rolling 
thimder of the volcanic storm from the detonations in the in- 
terior of the moontaia. The äoskes of lightning that darted 
from tbe volcanic cloud of steam, as we learn from Olnfsen's 
report, killed eleven horses and two men, on the eruption of 
the volcano uf KaÜagia, in Iceland, on the 17th of October, 
1765. 

Having thus delineated the structure and dynamic activity 
of volcanoes, it now remains for us to throw a glance at the 
dififerenees csisting in their material products. The subter- 
ranean forces sever old conibiiiations of matter in order to 
produce new ones, and ttey also continue to act upon matter 
as long as it is in a state of liquefaction fiflm heat, and 
capable of being displaced. The greater or less pressure 
under which merely softened or wfaoUy liquid fluids are soli- 
dified, appears to constitute the main difference in lihc format 
tJon of plutonic and volcanic rods. The mineral mass which 
flows in narrow, elongated streams from a volcanic opening 
(an corth-spriug) is called lava. Where many such current» 
meet and are arrested in their course, tbey eipand in width, 

" pt would appear, m thnre ie oo doubt that these fishes prooerf 
[rom the mountala itself, that there mnal be Urge lakea in the interior, 
which in ordinary seasons are aal o-f tbe inunediat« uiflBeQce of the 
• a. See Danbaney, op. cit., np. 488, 197.]— IV. 
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filling large basins, in which they become solidified in super« 
imposed strata. These few sentences describe the general 
character of the products of volcanic activity. 

Bocks which are merely broken through by the yolcanifg 
action are often inclosed in the igneous products. Thns» 
I have found angular fragments of feldspathic syenite «hi* 
bedded in the black augitic lava of the volcano of Jorollo, k 
Mexico : but the masses of dolomite and granular limestone^ 
which contain magnificent clusters of crystalline fossils (vesa- 
vian and garnets, covered with mejonite, nepheline, and soda- 
lite), are not the ejected products of Vesuvius, these belonging 
rather to very generally distributed formations, viz., strata of 
tuffit, which are more ancient than the elevation of the Somma 
and of Vesuvius, and are probably the products of a deep- 
seated and concealed submarine volcanic action.* We find 
five metals amongst the products of existing volcanoes, iron, 
copper, lead, arsenic, and selenium, discovered by Stromeyer 
in the crater of Volcano.f The vapours that rise from the 
fumaroUeB cause the sublimation of the chlorides of iron, 
copper, lead, and ammonium ; iron glance,;]: and chloride of 
sodium (the latter ofren in large quantities) fiill the cavities 
of recent lava streams and the fissures of the margin of the 
crater. 

The mineral composition of lava differs according to the 
nature of the crystaüine rock of which the volcano is formed, 
the height of the point where the eruption occurs, whether at 
the foot of the mountain or in the neighbourhood of the oratar, 
and the condition of temperature of the interior. Vitreous 
volcanic formations, obsi(Uan, pearl-stone, and pumice, are 
entirely wanting in some volcanoes, whilst in the case of 

* Leop. von Bnch, in Poggend. AnnaHenj bd. xxxvii. s. 179. 

f [The little island of Volcano is separated from Lipari by a narrqv 
channel. It appears to have exhibited strong signs of volcanic activity 
long before tiie Christian era, and still emits gaseous exhalation^. 
Stromeyer detected the presence of selenium in a mixture of sal-am« 
moniac and sulphur. Another product supposed to be peculiar to tMs 
volcano is boracic acid, which lines the sides of the cavities in beautiful 
white silky crystals. Daubeney, op. cit., p. 267.] — TV. 

X Regarding the chemical origin of iron glance in volcanic masses» see 
Hitscherlich, in Poggend. Annaltn^ bd. xv. s. 630 ; and on the liberation 
of hydrochloric acid in the crater, see Qay Lussac, in the Annaiea de 
Cldmique et de Physique, t. zxii. p. 423. 




oäieni, they only proceed from tho crater, or at any rate from 
very considerable heights. These importaot and involved 
relations can only be explained by very aceurate cryatallo- 
graphic and chemical investigations. My fellow-traveller in 
Siberia, Gustav Rose, and subsequently Hermann Abich, 
have already been able, by their fortunate and ingenious 
researches, to throw much light on the structural relations of 
ihe Torious kinds of volcanic rocks. 

The greater part of the ascending vapour is mere steam. 
When condensed this forms springs, as in Pantellaria,* where 
they are used by the goatherds of the island. On the morning 
of the 26th of October, 1822, a ciurent was seen to flow 
from a lateral fissure of the crater of Vesuvius, and was long 
Buppcscd to have been boiling water ; it was, however, shown 
by MonticelU's accurate investigations to consist of dry ashes 
which fell like sand, and of lava pulverised by friction. The 
ashes which sometimes darken the air for hours and days 
together, and produce great injury to the vineyards and olive 
groves, by adhering to the leaves, indicate by their columnar 
aacent, impelled hj vapours, the termination of eveiy great 
earthquake. This is the magnificent phenomenon which Pliny 
the younger, in his celebrated letter to Comehus Tacitus, 
compares, in the case of Vesuvius, to the form of a lofty 
and thickly-branched and foliaccous pine. That which is 
described as flames in the eruption of scoritc, and the radianeo 
of the glowing red clouds that hover over the crater, cannot 
be scribed to the effect of hydrogen gas in a state of com- 
bastion. They arc rather reflections of light which issue 
from molten masses, projected high in the air, and also re- 
flections from the burning depths, whence the glowing vapours 
ascend. "Wo will not, however, attempt to decide the nature 
of the flames which are occasionally seen now, aa in the time 
of Straho, to rise from the äeep sea duriM tlie activity of 
littoral volcanoes, or shortly before the elevation of a volcanic 

When the questions are asked, what is it that bums in the 
volcano ? what excites the heat, fuses together earths and 
metals, and imparts to lava-currents of thick layers a degree 

• [Steam ieausB from mony parta of this insular mountain, and saveral 
hot springs gush forth from it, wbich form together a, lake 600Q feet in 
drcumterEnce. Laobeoay, op. cit] — Tr, 
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of heat Üia(t loAts for xnaBoy yean ?* it is neceflsaiily inf&i 
that volcanoes must foe comiected with the existence of ffoh- 
stances capable of Tuaintaining combustion, like the bels cf 
coal in sobteiraaeaa fires. According to the different phMM 
of chemical science, bitcrmen, pyrites, the moist admixtm^f 
finely pulveriBed solphnr and iron, pyrophoric substances, aal 
the metals of the alkalies and earths, have in turn been deai^ 
nated as the cause of intensely active vokanie j^ienemeaa. 
The great chemist, Sir Humphrey Davy, to whom we are 
indebted for the knowledge of the most combustible meta3Ee 
substances, has himself renounced his bold <^emical hypo- 
tiiesis in his last work {Consolation in Dravel, cmd last Ik^tttf 
a Phihsophery-'^ work which cannot fidl to excite in Ihe 
reader a feeling of the deepest melancholy. The great BMSn 
density of the earth (5*44), when compared with Üie specifie 
weight of potassium (0-&66), of sodium (0-972), or of the 
metals of tl^ earths (1*2), and the absence of hydrc^en gas in 
the gaseous emanations from the fissures of craters, and ftom 
still warm streams of lava, besides many chemical consi* 
derations, stand in opposition with the eaiüer xsonjectores 
of Davy and Amp^rcy If hydrogen were evolved fitjm 
erupted lava, how great must be the quantity of the gas dis- 
engaged, when, the seat of the volcanic activity being very 
low, as in the case of the remarkable eruption at the foot 
of the Skaptar-Jokul in Iceland (fi:om the lllh of June to 
the 8rd of August, 1783, described by Mackenzie and Soe- 
mund Magnussen), a space of many square miles was covered 
by streams of lava, accumulated to the thickness of several 
hundred feet ! Similar difficulties are opposed to the assump- 
tion of the penetration of the atmospheric air into the crater, 
or as it is figuratively expressed, the inhalation of the earth, 
when we have regard to the small quantity of nitrogen 
emitted. So general, deep-seated, and far-propagated an 
activity as that of volcanoes, cannot assuredly have its source 
in chemical affinity, or in the mere contact of individual or 

* See the beantifal experiments on the cooling of masses of rock, in 
Bischofs Wärmelehrty s. 384, 443, 500-512.] 

t See Berzelius and Wöhler, in Poggend. Annalenf bd. 1. s. 22X, Mid 
bd. xi. s. 146 ; Gay Lnssac, in the Aimalea de Chvmie, t. x. xii. p. 422; 
and Bischofs Reaaona against the Chemical Theory of F<o2canoed^ in 
the English edition of his Wärmelehre 297-309. 
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merely locally distributed substances. Modem geofpioey* 
ratlier seeks the cause of this activity in the increased tem- 
perature with the increase of depth at ali degrees of lati- 
tude, in thai powerful internal heat which our planet owes to 
its first solidification, its formation in the r^ons of »pace, 
and to the sjihcrical contraction of matter revolving eUipti- 
cally in a gaseous condition. We have thus mere conjecture 
and supposition side by side witb certain knowledge. A phi- 
losophiräl study of nature strives ever to elevafe itself abore 
äie narrow requirements of mere natural description, and does 
not consist, as we have already remarked, in Üie mere accu- 
mulation of isolated facts. The enquiring and active spirit of 
man must be suffered to pass from the present to the past, to 
conjecture all that cannot yet be known with certainty, and 
still to dwell with pleasure on the ancient myths of geognosy 
which are presented to us under so many various forms. If 
wc consider volcanoes as irregular intermittent sprii^, emit- 
ting a fioid mistnre of oxidised metals, alkalies, and earths, 
flowing gently and calmly wherever they find a passage, or 
häng ujäicaved by the powerful expansive force of vapours, 
we are involuntarily led to remember the geognostic visions of 
Plato, according to which hot springs, as wdl as all rolcanio 
igneous streams, were ejTiptions that might be traced back ta 
one generally distributed aubtaranean. cause, Ff/r^fileifethon.\ 

* [On the vtttions theories that have bsen advsneod in explanation of 
>^mnic action, bbh Daubeney On Voicaneta, a wort to which wo bava 
made contimml reference dnring the preceding pages, as it eonBtitutee 
lie most resent and perfect compeadiain of all Ihn important facts relat- 
ing to tliis Euhject, and ia peculiarly adapted to serve as a souTce of 
referimce to the CWhh, since the leameil author in many itiEtinces 
enters Into a foil eipoätion of the viewB advanced hy Baron Humboldt. 
The »ppendii contaioB acveral valuable noleg with reference to the moat 
recent works that have appaared on ttie Continent, on sahjecls relating 
to TolcBBoes; amongat others, an interesting notice of ProfcBsor Biscbof's 
views " on Iho origin of the carbonic acid discharged ftom volcanoes," 
as enocneed in hia recently pnbliEhed work, Lehrbuch der cAemutAeTi 
u>id phytikaMacke'a Gsofopt'e.} — TV. 

+ According to Plato's ge<^7io8tio views, as developed in the Phado, 
PyripiJegethon plays mn<* Äe same part in relation to the activity rf 
volcanoes, that we now ascribe to the ».ngmentalion of heat as we descend 
from the Earth's sur&cc, and to the fneed condition of its intcrual stratc. 
Pltado, ed. Äst. p, 608 «nd 607; Attaot., p. 808 and 817,) " Within 
the earth, and all around it, are larger imd smaller caverns. Water flowa 
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The different volcanoes over the Earth's sui&ce, ^rki 
they arc considered independently of all dimatic differeiioei| 
are acutely and characteristically classified as central aal 
linear volcanoes. Under the first name are comprised thoM 
which constitute the central pomt of many active mouths of 



there hi abundance, aLao much fire and lai^ streams of fire, and 
of moist mud (some purer, and others more filthy), like those in SUBj, 
insisting of mud and fire, preceding the great eruption. These stnaai 
fill all places that fall in the way of tbeir course. F^phl^geÜMa 
flows forth into an extensive district burning with a fierce ^xe, when» tt 
forms a lake larger than our sea, boiling with water and mnd. Awi 
thence it moves in circles round the eajrth, turbid and muddy." Tti» 
■tream of molten earth and mud is so much the general cause of vA- 
eanic phenomena, that Plato expressly adds, "thus is PyriphlogeAfli 
constituted, from which also the streams of fire (ol pvavec)» wherercr Üttj 
reach the earth (ovti äv rvxtucri r^c yni)> inflate such parts (detadud 
fragments).*' Volcanic scorias and lavarstreams are therefore portions «f 
Fyriphlegethon itself, portions of the subterranean molten and ever 
undulating mass. That ol pvaxeg are lavarstreams, and noty as Schndde^ 
Passow, and Schleiermacher will have it, "fire-vomiting monntainflt,*l8 
clear enough from many passages, some of which have been collected bj 
Ukert (Oeogr, der OriecJien und RGmer, th. ii., s. 200) ; pva^ is tlie 
volcanic phenomenon in reference to its most striking characteristic, the 
lava stream. Hence the expression, the pvaKtg of ^tna. Aristot 
Mirab. Ausc, t. ii. p. 883 ; sect 88, Bekker ; Thucyd., iii. 116; Theo- 
phrast.. De Lap,, 22, p. 427, Schneider; Diod. v., 6, and xiv, 5% 
where are the remarkable words, '' Many places near the sea» in tiie 
neighbourhood of Etna, were levelled to the ground, vtrb tov KoXovfuvov 
pvaKOQ ;" Strabo, vl. p. 269, xiii. p. 628, and where there is a notice of 
the celebrated burning mud of the Lelantine plains, in Euboea, i. p. 58, 
Casaub. ; and Appian. De BeUo CtvUi, v. 114. The blame wMch Aris- 
totle throws on äie geognostical fantasies of the Phsedo (Meteor,, n,, 
2, 19), is especially applied to the sources of the rivers flowing over the 
earth's surface. The distinct statement of Plato, that " in Sicily erup* 
tions of wet mud precede the glowing (^ava) stream," is very remarkably 
Observations on Etna could not have led to such a statement, unless 
pumice and ashes, formed into a mud-like mass by admixture with 
melted snow and water, during the volcano-electric storm in the crater 
of eruption, were mistaken for ejected mud. It is more probable that 
Plato's streams of moist mud (vypov irriXov vorafioi) originated in a 
faint recollection of the Salses (mud volcanoes) of Agrigentum, which, 
as I have already mentioned, eject argillaceous mud with a loud noise. 
It is much to be regretted, in reference to this subject, that the 
work of Theophrastus irtpi pvaKog rov iv SikcXuk, On the Volcanic 
Stream in Sicily, to which Diog. Laert, v. 49, refersi, has not come 
down tons. 
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' feniption, distributed aJmoat re^arly in all directions ; under 
the seeontl, those lying at some little distance from one another, 
fbnning, as it were, chimneys or vents along an extended fissure. 
Lineal' Tolcan[>eB again admit of further eubdiyision ; namely, 
those w^ch rise like separate conical islands from, the bottom 

' of the sea, being generally parallel with a chain of primitive 
mountains whose foot they appear to indicate, and those vol- 
canic chains which are elevated on the highest ridges of these 
mountain chains, of which they form the summits.* The 
Peak of Teneriffe, for instance, is a central volcano, being the 
central point of the volcanic group to which the eruption of 
Pahna and Lanccrote may b6 reierred. The long rampart- 
like chain of the Andes, which is sometimes single, and some- 
times divided into two or three parallel branches, coraiected 
by various transverse ridges, presents, from the south of Chili 
to the north-west coEist of America, one of the grandest in- 
stances of a continental volcanic chain. The pro.timity of 
active volcanoes is always monifested in the chain of the 
Andes, by the appearance of certain rocks (as dolerite, mcla- 
phyre, trachyte, andesite, and dioritic poiiihyry), which divide 
the so-called primitive rocks, the transition slates and sand- 
stones, and the stratified formations. ITie constant recurrence 
of this phenomenon convinced me long since that these spo- 
radic rocks were the seat of volcanic phenomena, and wore 
connected with volcanic eruptions. At the foot of the grand 
Tnnguragua, near Penipe, on the banks of the Rio Puein, I 
first distinctly observed mica slate resting on granite, broken 
through by a volcanic rock. 

]ji the volcanic chain of tho new continent, the separate 
volcanoes are occasionally, when near together, in mutual de- 
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3 another ; and it i 



volcanic activity for centuries together 

* Leopold »on Buch, Phyaihal. BfsrAreib. der Cartarischen Inseln, 
■. 32S-1UT. I doubt if wc can agree with Üie ingcnloug Clmrleg Darwin 
(Gtological ObKrwUiima o» Vokanir: Islanda, 18H, p. 127) in rDgard- 
ing ceutral Tolcanoes in general as volcamc chains of small extent on 
pi^Iel fissures. Friedrieh UoBiDaa believee lliat in the group of tlie 
Lipari lalanda, which ho has so admirably deBcribed, and in whioh tiro 
emption fiaanrea intersect near Panaria, bo has fonnd an iatermodiato 
link between the two principal modes in wbidh voleanoes appear, : '■- 
the central volcanoes and Toleauio chains of Von Buch "" 
Annalen der Pkyaik, bd. Hvi. a. 81-8S.) 
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and the same direction, as, for instance, from north to soutii 
in the province of Quito.* The focus of the volcanic actifl» 
lies below the whole of the highlands of ilus province ; the ooly 
channels of communication with the atmosphere are, howevef, 
those mountains which we designate by special namea, as the 
]iM>untains of Pichincha, CoU^taxi, and Tunguragua, and whidi 
from their grouping, elevation, and form, eonstitute the grwidest 
and most picturesque i^ctacle to he found in any volsaok 
district of an equally limited ^tent. Experience shows m 
in many instances, that the extremities of sudi groups of vol- 
canic chains are connected together by subterraneeji commit 
nications ; and this fact reminds us of ihe ancient and true 
expression made use of by Seneca,t that the igneous mountain 
is only the issue of the more deeply-seated volcanic fbrces. Jm 
the Mexican highlands a mutual depend^oce is also observed 
to exist among the vokanie mountains Oriaaba, Fopocat^»etl, 
Jorullo, and Oolima ; and I have shown| that they all lie m 
one direction between 18° 59' and 19° 12' north lat.; and are 
situated in a transverse fissure running fr<»n sea to sea. The 
volcano of JoruUo broke forth on the 29th of September, 1759-, 
exactly in this direction, and over the same transverse fissrue, 
being elevated to a height of 1604 feet above the level of the 
surrounding plain. The mountain only once emitted an eruption 
of lava, in the same manner as is recorded of Mount Epomeo 

* Humboldt, Qtognost Beobach. über die Vvlkane des Hoddandea 
von Quito, in PoggencL AnncU. der Physik, bd. xliv. s. 194., 

t Seneca, while he speaks very clearly regarding the problematical 
sinking of Etna, says in his 79th Letter : " Though this might happen, 
not because the mountain's height is lowered, but because the fires are 
weakened and do not blaze out with their fonner vehem^ice ; and for 
which reason it is that such vast clouds of smoke are not seen in the 
day time. Tet neither of these seem incredible» for the mountain may 
possibly be consumed by being daily devoured, and the fire not <be so 
large as formerly, since it is not self-generated here, but is kindled in the 
distant bowels of the earth, and there rages, being fed with continual fuel, 
not with that of Üie mountain, through which it only makes its passage." 
The subterranean communication, " by galleries," between the volcanoes 
of Sicily, Lipari, Pithecosa (lachU)^ and Yesuvius^ '' of the last of whidi 
we may coi\jecture thai it formerly burned and presented a fiery circle,** 
seems fully understood by Stiabo (lib. i pp. 247 and 248). He terms 
the whole district '' subigneouSb" 

X Humboldt, Useai politique mir la 2^mv» Espa^M, t ü. pp». 17^ 
175. 
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in Ischia, in Üie year 130S. But although Jorullo, which is 
eighty miles &om nay active vokimo, in iu the strict a^use of 
the word a new mountain, it must not be compai-ed with 
Monte Nuovo, near Pozzuolo, wbich first appeared on tho 1 9th 
q£ Septemlwr, 1538, and is rather to be classed amongst 
eroters of elevation. I believe that I have furnished & more 
Uttufol enplanatioB. of the eruption, of the Mexican volcano, 
in «Hnporing its appearance to the elevation of the HUI of 
Metfaone, now Metliana, in the peninsula of IVcezen. The 
description given by Strabo and Pausonias of this elevation, 
kd one of thJe Homan poets, most celebrated for his richness 
ef fency, to develope views which agree in a, remarkable 
mumer with the theory of modem geognosy. " Near Troezea 
is a tumuhia. steep and devoid of trees, once a jdain, now a 
mouutoin. The vapours enclosed in dark caverns iu vain se(i 
a passage by which they may escape. The heaving earth, 
infiatcd by the force of the eompressed vapours, expands luce 
a bkdder filled with air, or like a goat-skin. The ground has 
remuncd thus inflated, and the high projecting eminence has 
been solidified by time into a naked rock." Thus pictu- 
nequely, and, as onalc^us phenomena justify iis in believing, 
tkus truly has Orid described that great natural phenomenon 
which occurred 282 years before our era., and consequently 
45 years before the volcanic separation of Thera (Santorinoj 
and Therasia, between Trmzen and Epidaunis, on the s" 
apot where Ruaseggcr has ibuud veins of trachyte.* 
■ Ovid's (luBcription of tha eruption of Maliono (Metam., xy. pf, 
" Near Trcozen Et^Etls u hiU, oipoecd in ah 

L^^H This once vna \eve\ ground ; but (stranga to tell) 

^^^^K Th' mcladed vipoora, th&t in cavenis dwell, 

^^^^^^ Luibuariu;; irlüi coIig pangs, and dose coofined, 

^^^^^V Id vnin sou^rbt isaua for the rumlilis^ wind : 

^^^^H Yet Bull thej bcBied for vent, and heaving aUU, 

^^^^H Enlarged tho coocave and ehol up the hill, 

^^^^^V As kruatb Mxteoda a bladder, or the skins 

^^^^^K Of goata are blown t' endoBe the hoarded win«; 

^^^^F The moontoin ;et retain» a mountain's &cs, 

^^^^^" „lud gnthered rubbifiL heads Uie hollow spaec." 

l'hü lescriplion of a dome-sliapeil elevatian on the cootiticnt ie 
tt öuiiortancii iu a eeusiiaitiesJ painlof vum,ukid.«ivadi<<»\a t. Wl 
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Santorino is the most important of all the islands of erupfim 
belonging to volcanic chains.* '' It combines within itself the 

markable degree with Aristotle's account {Meteor., ii. 8, 17-19^) of ^ 
upheaval of islands of eruption : " The heaving of the earth does nt/L 
cease till the wind {ävefioQ) which occasions the shocks has made ill 
escape into the crust of the earth. It is not long ago since this actoaI]j 
happened at Heraclea in Pontus, and a similar event formerly oc<mned 
at Hiera, one of the .£olian Islands. A portion of the earth swelled 
np, and with lond noise rose into the form of a hill, till the mi^ij 
urging blast {irvivfia) found an outlet, and ejected sparks and asiies 
wMch covered the neighbourhood of Lipari, and even extended. to 
several Itidian cities." In this description, the vesicular distension of 
the earth's crust (a stage at which many tiachyüc mountains have 
remained) is very well distinguished from the eruption itself. Strabo^ 
lib. L p. 59 (Caaaub.), likewise describes the phenomenon as it occmred 
at Methone ; near the town, in the Bay of Hermione, there arose a 
flaming eruption ; a fieiy mountain, seven (1) stadia in height^ was then 
thrown up, which during the day was inaccessible from its heat and sol- 

Ehureous stench, but at night evolved an agreeable odour (?), and was so 
ot that the sea boiled for a distance of five stadia, and was turbid for 
full twenty stadia, and also was filled with detached masses of rock» 
Begarding the present mineralogical character of the peninsula id 
Hethana, see Fiedler, Eeiae durch Griechenland, th. i. s. 257-268. 

* [I am indebted to the kindness of Professor E. Forbes for the 
following interesting account of the Island of Santorino, and the a^j*- 
cent islands of Neokaimeni and Microkaimeni. ** The aspect of the bi^ 
is that of a great crater filled with water, Thera and Therasia forming its 
walls, and the other islands being after-productions in its centre. We 
sounded with 250 fathoms of line, in the middle of the bay, between 
Therasia and the main islands, but got no bottom. Both these islands 
appear to be similarly formed of successive strata o{ volcanic ashes, 
which being of the most vivid and variegated colours, present a striking 
contrast to the black and cindery aspect of the central isles. Neokai- 
meni, the last formed island, is a great heap of obsidian and scoriae. 
So also is the greater mass, Microkaimeni, which rises up in a conical 
form, and has a cavity or crater. On one side of this island, however, 
a section is exposed, and clifis of fine pumiceous ash appear stratified 
in the greater islands. In the main island the volcanic strata abut 
against the limestone mass of Mount St. Elias, in such a way as to lead 
to the Inference, that they were deposited in a sea bottom in whidi the 
present mountain rose as a submarine mass of rock. The people at 
Santorino assured us that subterranean noises are not unfrequently 
heard, especially during calms and south winds, when they say the 
water of parts of the bay becomes the colour of sulphur. My own im- 
pression is, that this group of islands constitutes a crater of elevation, 
of which the outer ones are the remains of the walls, whilst the central 
group are of later origin, and consist partly of upheaved sea-bottoms, 
and partly of erupted matter, — erupted, however, beneath the sarfiM» 
ofthewater.'T—lV« 
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history of all islands of eleTation. For upwards of 2000 
years, as far as histoiy and tradition certify, it would appear 
as if nature were striving to fonn it Tolcano in the midst of 
the crater of elevation."* Similar insular elevations, and 
almoBt always at regular intervals of 80 or 90 j-ear8,f have 
fceen manifested in the Island of St. Michael, in the Azores ; 
but in this case the bottom of the sea has not been elevated 
at exactly the same parts.J The island which Captain Tillard 
named Sabrina, appeared unfortunately at a time (the 30th of 
January, 1811), when the political relations of the maritime 
nations of Western Europe prevented that attention being 
bestowed upon the subject by ecicntific institutions, which 
was afterwards directed to the sudden appearance (the 2nd 
July, 1831), and the speedy destruction of the igneous island 
of Ferdinandea in the Sicilian sea, between the limestone 

■ Leop. Ton Buch, Fhj)mi:. Btsclir. der Oanar. Inadn, s. 3B6-BBa, 
and particularly the Freneh translation of tliis eiceUent work, p. 402 ; 
and his mGmair in Poggendorff's Annoien, bd. xiiviil g. 183, A eub- 
marino iiiaoA has quit« recently made its appeanuice, vitliin the crater 
of Santorino, In ISIO it kib still fifeen fathoraa bclor the surfece of 
the sea, but in 133D it had risen to within three or four. It rUea 
steep];, like n great cone, from the bctUim of tbe eea, and Ibe coa- 
tinuous actirity of tbe anbniarine crater is obvious from tbe oiFcuui* 
Btanoe that sulphnrous acid vapoure are mixed «ilb Ihc sea water, in 
tlie eaatera ba; of Neokimmeni, in the same manner as at VronioUmni, 
near Methana. Coppered ships lie at anchor in tbe bay, in order to 
get their bottoms cleaned and poliabed by this natural (volcanic) 
process. fVirlct, in the Bidleiin de la Soci&4 dedogigye de France, 
t, iii. p. 109, and Eiedler, Reise durch Oriedieiiland, th. iL b. 4S9 
and 584.) 

f Appearance of a new island near St. Miguel, one of the Azores, 
11th Jnno, 1638, 31st December, 171B, 13th June, 1811. 

J [My ealecmed friend. Dr. Webster, Prufeasor of Chemistij and t, 
NiOBralogy at Harvard CoDegc, Cambridge, Massachasetts, U. S., f 
hia Deacriplion of the Island of St Mieliael, ±c., Boston, 1822, giw 
SB interesting account of the sudden Appearance of the island oamed 
Sabrina, whidi was about a mile in circumference, and two or tbroo 
hundred feet above the level of the ocean. Afl«r continuing for tome 
ireekB, it sank into tbe sea. Dr. Webster describes tbe whole of 
tbo Island of SL Michael ax volcanic, and containing a number of 



conical bills of trachyte, several of which have craters, and am>ear at 
aome fbnner time to have been the openings of volcanoes. The hot 
apiiags which abound in tbe island are Impregnated with sulphuretted 
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ihores of Sciaeca and the pfarely volcanie island of Ftai« 
tellaria.* 

The geographical distribntioii of the volcanoes which hafe 
been in a state of activity during historical times, tJw greit 
number of insular and littoral volcanic mountains, anate 
occasional, although ephemeral, eruptions in the bottoim of 
the sea, early led to the belief that Yolcanic activity vras cob- 
nected with the neighbourhood of the sea, and vm» dependnt 
npon it for its continuance. " For many hundred yeafs," 
says Justinian, or rather Trogus Pompeius, whom he follows^f 

* Pr^YOBt, in the BvOeUn de la 8ocUU GMagique, t. iii. p. S4; 
Friedrich Hofiinan, HitUerlaasene Werke, bd. iL s. 451-456. 

t ''Aceedont yicini et perpetai ^tnie montU ignes et insnlamm 
JEolidnm, veluti ipds undis ahttnr ineendinm ; neqne enhn aliter dann 
tot tecnlis tantas ignis potniflwt, niai hnmcnis imtrimentis aleretor * 
(Jugtln, Hist. Philipp., iv. i.) The yolcanic theory with which the 
phync&l deecriptioa of SicUy hen heeins, is extremely intricate. Deep 
stnta of BHlphur and renn ; a Tery thin soil foil of cavitieB and «M^f 
fiSBored ; violent motion of the waves of the sea^ whidi, as they strike 
together, draw down the air (the wind,) for the raaintenanee of the fin; 
snch are the elements ef the theory of Trogos. Since he seems ftom 
Pliny (xi. 52) to have been a physiognomist, we may presume tM 
his nnmerons lost works were not covifined to history alone. The 
opinion that air is forced into the interior of the earth, there to act <n 
the volcanic furnaces, was eonnected by the ancients with the supposed 
inilnence of winds from, different quarten on the intensity of the fini 
bnming in iBtna, Hiera, and StromboU (see the remarkable paaamge 
in Strabo, lib. vi. p. 275 and 276.) The mountain idand of Strmnboli 
(Strongyle,) was regarded therefon as the dwelling-place of MdtoB, 
"the regulator of the winds," in consequence of the sailon ibivteUing 
the weaäcr, from the activity of the volcanic eruptions of this idand. 
The connexion between the eruption of a small volcano with tiie state of 
the barometer and the direction of the wind is still genenlty reoognised, 
(Loop, von Buch, Deaer. phfs. des Ilea Ganariea, p. 884 ; Hoffiumn, in 
Poggend. Annalen, bd. xxvi. s. viii.) altiiough our present knowledge of 
volcanic phenomena, and the slight changes of atnMMBpherie pr e ssun 
accompanying our winds, do not enable us to offer any saÜsfiMStory 
explanation of the &ct. Bembo, who during his youth was brought up 
in Sicily by Greek refugees, gave an agreeaUe namtive of his 
wanderings, and in his ^tna Dtcdogua (written in the middle of the 
sixteenth oentuiy,) advances the theory of the penetration of sea-water to 
the very centre of the volcanic acticm, and of the neeesstty ef the 

groximity of the sea to active volcanoes. In ascending JBtna the 
llowing question was proposed. '' Explana potius noUs quae petimu% 
ea inoendia unde oriaatur et orta quomodo petduiant In onud teOun 
nuBpiam minores fistulse aut meatus ampliores snat quam in IooIib^ que 
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" Etna and the EoHan islands hare been bnmii^. and how 
could this have continued so lonf^, if the fire had not been fed 
by the neighbouring sea ?" In order to explain the necessity 
of the vicinity of the sea, recoiorse has been had, even in 
modern times, to the hypothesis of the penetration of sea- 
water into the foci of volcanic agency, that is to say, into 
deep-seated terrestrial strata. "When I coüeot together all 
the fiicts that may be derived from my own observation and 
the laboriooa Tesearchcs of otbers, it appears to me that 
everything in this involved investigation depends upon the 
iiuestions whether the great quantity of aqueous vapours, 
which are unquestionably exhaled from volcanoes even when 
in a state of rest, be derived from scs-water impregnated 
with salt, or rather, perhaps, with fresh meteoric water ; or 
whether the expansive force of the vapours (which at a depth 
of nearly 94,000 fcetis equal to 2 SOO atmospheres.) would be 
able at different depths to counterbalance the hvdi'ostatic 
pressure of the sea, and thtis afford them under certain 
conditionB a free access to the focus \\ or whether the forma- 

Tel nuui licma «nut, vel a nuu-i protinoa alluuntur; more enidit ilia 
tdlliiDe pergitqoe in -riflcera ten». Itaquo (aim in aliena regna sibi 
riam [»ciat, vcntia etiam facit; ei qno fit, ut loca qinequG roaritima 
mximo terrae motibus nubjecta sint, pamra meciitcrrauott. Habea 
quvin in sulfuric venae renti furentea incideriot, unde incenciia oriontiut 
£tliee tuie. Vides, qute mare in radiclbus babeat, qaw milfurea ^t, 
qnie CBiTernOBa, quee a man aliquando perforata venMs admlaerit 
satuanteB, per quos idonea flanmiEe msteriea inccQderetur." 

* [AltLougb cütinct Totcanoes seem b; no means confined to the 
neigiibourhood of the proBcnt fn&B, being often scattered over the moat 
inluid portions of our eiisting continents, yet it will appear that at the 
time at vhivh they were in nn active state, tbe greater port were in the 
nsigbbonrbood either of tho sea, or of tbe extensive salt or freah water Iskeg, 
ffhioh existed at that period over much of wliat is now dry land. This 
may be seon eitburby referring to Dr. Bonn's map of Europe, or to that 
paUiibed by Mr. Lydl, in the recent edition of hin PrincipUe ofOeologg 
(1847,) froni both of irblcb it will become apparent, that at a compara- 
tively recent epoch, those parts of France, of Qermany, of Hnagary, and 
of Italy, which afford evideocea of volcanic actdoo now extinct, wotb 
cavored by the ocean. Danboney, On- Voleanoea, p. 80S.] — Tr. 

■{■ Compare Gaj Lussac, Sut ka Volcana, in the Annalis de ChimU, 
t, ixii. p. «27, and Blsehof, WämuiMrt, a. 272. The crupliona of 
smoke and ateam which have at different periods been aecn in Xdinc«- 
Tolo, Iceland, and the Kurile lalandl, during the eruption of the nei^ 
Louring volcanoes, afford indications of tbe reaction of volcanic foci 
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tion of metallic chlorides, the presence of chloride of sodium 
in the fissures of the crater, and the frequent mixture of 
hydrochloric acid with the aqueous vapours, necessanfy 
imply access of sea- water ; or finally, whether the repose a 
volcanoes (either when temporary or permanent and complete] 
depends upon the closure of the channels by which the sea or 
meteoric water was conveyed, or whether the absence of flames 
and of exhalations of hydrogen (and sulphuretted hydrogen 
gas seems more characteristic of solfataras than of active yd- 
canoes) is not directly at variance with the hypothesis of the 
decomposition of great masses of water ?* 

The discussion of these important physical questions does 
not come within the scope of a work of this nature ; hut 
whilst wc are considering these phenomena, we would enter 
somewhat more into the question of the geographical distri- 
bution of still active volcanoes. We find, for instance, tkafc 
in the new world three, viz., Jorullo, Popocatepetl, and tiie 
volcano of De la Fragua, are situated at the respective dis- 
tances of 80, 132, and 196 miles from the sea-coast; wbalA 
in Central Asia, as Abel Remusatf first made known to 
geognosists, the Thianschan (celestial mountains), in which 
are situated the lava-emitting mountain of Pe-schan, the 
solfatara of Urumtsi, and the still active igneous moun- 
tain (Ho-tscheu) of Turfan, — ^lie at an almost equal distance 
(1480 to 1528 miles) from the shores of the Polar Sea and 
those of the Indian Ocean. Pe-schan is also fully 1360 
miles distant from the Caspian Sea4 and 172 and 218 
miles from the seas of Issikul and Balkasch. It is a &ct 
worthy of notice, that amongst the four great parallel moun- 
tain chains which traverse the Asiatic continent from east 
to west, the Altai, the Thianschan, the Kuen-Lun, and the 

through tense columns of "water; that is to say, these phenomena 
occur when the expansive force of the vapour exceeds the hydrostatic 
pressure. 

* [See Daubeney, On VolcanoeSf pt. iii., ch. xxxvi. xxxviii xxxix.! — 
Tr. 

+ Abel R^musat, Lettre ä M, Cwdier, in the Annates de Chimie, 
4. v. p. 137. 

$ Humboldt, Aste centrale, t. ii. p. 30-33, 38-62, 70-80, and 426- 
4^8. The existence of active volcanoes in Kordofan, 540 miles from 
the Bed Sea, has been rec^ntlj^ contradicted by KUppell^ Reiten in 
I^ubien, 1829, s. 151. 
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5 not the latter chain, which is nearest to the 
, but the two inner ranges, the Thianschan and the 
Kucn-lun, at the distance of 1600 and 720 miles from the sea, 
which hitve iire- emitting moimtains like Etna and Vesuvius, 
and generate ammonia, tike the volcano of Guatimala. Chinese 
writers undonhtcdly speak of lava streams when they describe 
the emissions of smoke and flame, which issuing from Pe- 
Bchan devastated a space measuring ten li,* in the first and 
seventh centuries of our era. Burning masses of stone flowed, 
according to their description, " like thin, melted fat." The 
fects that have heen enumerated, and to which HufGcient 
attention has not been bestowed, render it probable that the 
vicinity of the sea, and the penetration of sca-watcr to the 
foci of volcanoes, are not absolntely necessary to the erup- 
tion of subterranean fire, and that httoral situations only 
&vour the eruption by forming the margin of a deep sea 
basin, which, covered by atrala of water, and lying many 
thousand feet lower than the interior continent, can offer but 
an inconsiderable degree of resistance. 

The present active volcanoes, which communicate by per- 
manent craters simultaneously with the interior of the earth 
and with the atmosphere, must have been formed at a subse- 
quent period, when the upper chalk strata, and all the tertiary 
ibrmationa, were already present ; this is shown to be the feet 
1^ the trachytic and basaltic eruptions which frequently form 
the walls of the crater of elevation. Melaphyres extend to 
the middle tertiary formations, but are found already in the 
Jura limestone, where tliey break through the variegated sand- 
stone.f Wc must not confound the earher outpourings of 
granite, quartzose porphyry and euphotide, from temporary 
fissures in the old ü'ansilion rocis, with the present active 
volcanic craters. 

The extinction of volcanic activity is either only partial— in 
which case the subterranean fire seeks another passage of 
escape in the same mountain cliain — or it is total, as in 
Auvei^e. More recent examples are recorded in historical 

* [A It is a Chinese meamirement, equal to ahoat l-30th of a mite.] 

t Dufrfinoy Et Elie de Beaumont, Ei^iealion de la Carte glotos^qite 
tie la France, L i. p. SO. 
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times, of the totai extinctioiL of the volcaxio of Mosydbki»* 
on the island sacred to Hephsestos (Vulcan), wluwe **laA 
whirling flames" ware known to Sophocles ; and of the t5- 
cano of Medina, which, according to Burckbaidt, stiU comtnuifid 
to pour out a stream of lava on the 2nd of Noyeiaber, 127(L 
Every stage oi volcanic activity, from its first origin to iti 
extinction, is characterised by peculiax products ; first by 
ignited scorise, streams of lava consistLog of trachyte, pyros- 
ene, and obsidian, and by rapüli and tu&ceous ashes, 
accompanied by the development of large quantities of pure 
aqueous vapour ; subsequently, when the volcano becomes t 
solfatara, by aqueous vapours mixed with sulphuxetted 
hydrogen and csu^nic acid gases; and finally, when it k 
completely cooled, by exhalations of carbonic acid alone. 
There is a remarkable class of igneous mountains, which do 
not eject lava, but merely devastating streams of hot watest 
impregnated with burning sulphur and rocks reduced to a 
state of dust (as, for instance, the Galungung in Java) ; hot 
whether these moimtains present a normal condition, or only 
a certain transitory modification oi the volcaoio process, most 
remain undecided until they are visited by geologists possessed 
of a knowledge of chemistry in its present condition. 

I have endeavoured in the above remarks to furnish a 

* Sophocl., Philoct., V. 971 and 972. On the sappoeed epoeh of 
the extinction of the Lemnian fire in the time of Alexander, compare 
Buttmann, in the Museum der Alterthumsunssetuchaß, bd. i. 1807, 
8. 295 ; Dureau de la Malle, in Malte-Brun, ArmcUea des Voyages, t ix. 
1809, p. 6 ; XJkert, in Bertuch, Qeogr. Ephemertden, bd. xzxiz. 1812, 
B. 861 ; Rhode, JRes LemniccB, 1829, p. 8 ; and Walter, Ueber Almahme 
der wlkan, Thätigkeü in historischen Zeiten, 1844, s. 24. The chart 
of Lemnos, constructed by Choiseul, makes it extremely probable 
that the extinct crater of Mosychlos, and the Island of Chryse, the 
desert habitation of Philoctetes, (Otfried MUller, Minyer, s. 300,) have 
been long swallowed np by the sea. Beefis and ^aals, to the north-east 
of Lemnos, still indicate the spot where the .^Igean Sea once poBseased 
an active volcano like iEtna, Yesuviua^ Strombäj, aad Volcano (in the 
Lipari Isles). 

t Compare Reinwardt and Hoffinann, in PoggendorflTs Anncden, 
bd. xii. s. 607; Leop. von Buch, Descr. des lies Canaries, pp. 424-426. 
The eruptions of ai^llaceous mud at Cargnairazo, when that volcano 
was destroyed in 1698, the Lodazales of Igualata, and the Mqya of 
Pelileo — ^all on the table-land of Quito— «re voknoie i^enom^ia of a 
-Similar nature. 
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general description of ■voleanoeB — comprising one of the most 
important sections of the history of terrestrial activity — and 1 
have based my statements partly on my own obsen'ationa, but 
more in their general bearing on the results yielded by the 
labours of my old friend, Leopold von Buch, the greatest 
geognosist of our own age, and the first who rccognieed the 
istimate connection of volcanic phenomena, and their mutual 
dependence upon one another, considered with reference t 
their relatious in space. 

"Volcanic action, or the reaction of the interior of a planet 
on. its external crust and surface, was long regarded only as 
on isolated phenomenon, and was considered solely with restject 
to the disturbing action of the subterranean force ; and it is 
only in recent times that — greatly to the advantage of geognos- 
tical yiews based on physical nimlogiea — rolcaujc forces have 
been regarded as forming new rcekt, and transfbrirang those 
that already existed. We here ajriTe at the point to which I 
have already alluded, at which a. weH-groimded study of the 
activity of volcanoes, whether igneous or merely such as emit 
gaseous exltalations, leads us, cm the one hand, to the mineraL- 
i^ical branch of geognosy (the- science of the texture and 
■' 'ssion of terrestrial strata), and on the other, to the 

f geographical forms and outlines — the configuration 
Lcnts and insular groupe elevated above the level of 
the sea. Um extended insight into the couneetkin oS natural 
jdienomena, is the rcauit of the jihilosophical direction which 
has been so generally assumed by the more earnest study of 
geognosy. Äcreased cultivation of science, and enlargement 
of political views, alilcc tend to unite elements that haä long 
been divided. 

If instead of classifyii^ rocks according to their varieties 
of form and superposition into stratified and nnstratified, 
schistose and compact, normal and abnormal, we investigate 
Those phenomena of formation and traa^'onnation, which are 
still going on beture our eyes, we sl»dl find that rocks admit 
of being arranged according to four modes of origin. 

Backs tif eruption, which have issued from the interior of 
the earth, either in a state of fiision from volcmiic action, or 
in a more or less soft, viscous condition, from plutouic action. 

Sediinimlanj roch, which have been jn-ccipitated and depo- 
sited oQ the earth's sui&£e from a fluid, in which the most 
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minute particles were either dissolved or held in saspensiai, 
constituting the greater part of the secondary (or flotz) aal 
tertiary groups. 

Transformed or metamorphic rocks,* in which the intemi 
texture and the mode of stratification have been chai^|^ 
either by contact or proximity with a plutonic or volosiik 
endogenous rock of eruption,f or what is more frequently tliB 

* [As the doctrine of mineral metamorphism is now exciting rof 
general attention, we subjoin a few explanatory obBervaiiona 1^ Utt 
celebrated Swiss philosopher. Professor Studer, taken from the EUtk 
New PhUos, Joum,, Jan. 1848 : — " In its widest sense, mineral meta- 
morphism means every change of aggregation, structure, or chemi- 
cal condition which rocks hare undergone subsequently to their deposi- 
tion and stratification, or the offsets Ti^ich have been produced by other 
forces than gravity and cohesion. There Ml under this definition-^Ae 
discoloration of the surface of black limestone by the loss of oarboi; 
the formation of brownish red crusts on rocks of limestone, sandstone^ 
many slatestones, serpentine, granite, &c. by the decomposition of iratt 
pyrites, or magnetic iron, finely disseminated in the mass of the nx^; 
the conversion of anhydrite into gypsum, in consequence of the absoip- 
tion of water ; the crumbling of many granites and porphyries into 
gravel, occasioned by the decomposition of the mica and felspar. In 
its more limited sense, the term metamorphic is confined to those 
changes of the rock which are produced, not by the effect of the 
atmosphere or of water on the exposed surfaces, but which are product 
directly or indirectly, by agencies seated in the interior of the earth. 
In many cases the mode of change may be explained by our physical 
or chemical theories, and may be viewed as the effect of temperature or 
of electro-chemical actions. Adjoining rocks, or connecting communi- 
cations with the interior of the earth, also distinctly point out the seat 
from which the change proceeds. In many other cases the metamorphic 
process itself remains a mystery, and from the nature of the products 
alone do we conclude that such a metamorphic action has taken place.] 
—TV. 

+ In a plan of the neighbourhood of Tezcuco, Totonilco, and Moran, 
{Atlas giographique et physique, pi. vii.) which I originally (1803) 
intended for a work which I never published, entitled Pasigrafia Oe<h 
gnostica destinada cU uso de los Jovenes deL Colegio de Minerva de 
Mexico, I named (in 1832) the plutonic and volcanic eruptive rocks 
endogenous (generated in the interior), and the sedimenta^ and flotz 
rocks exogenous (or generated externally on the sur£eu$e of the earth). 
Pasigraphically, the former were designated by an arrow directed up- 
wards f , and the latter by the same symbol directed downwards i . 
These signs have at least some advantage over the ascending lines, which 
in the older systems represent arbitrarily and ungracefully the horizon- 
tally ranged sedimentary strata, and their penetration through masses 
of basalt, porphyry, and syenite. The names proposed in the pasigra- 
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caae, by a ga^ous sublimation of ^mbstances* which accom- 
pniiy certain massca erupted in a hot fiuid condition. 

Conglomerates: coarse or finely granular sandstones, or 
breccias composed of mechanically divided masses of the three 
previous species. 

These four modes of formation, — by the eraisaion of volcanic 
masses, as narrow lava-streams ; by the action of these masse» 
on rocks previously hardened ; by mechanical separation or 
chemical precipitation from liquids impregnated with carbonic 
aoid ; and finally, by the cementation of disintegrated rocks 
of heterogeneous natmi; — arc phenomena and formative pro- 
cesfioa, which must merely he regarded as a laint reflection of 
that more energetic activity which must have characterised the 
chaotic condition of the earher world, under wholly different 
conditions of pressure, and at a higher temperature, not only 
in the whole crust of the earth, but likewise in the more 
extended atmosphere, overloaded with vapours. The ^-aat 
fiasures which were formerly open in the solid crust of the 
earth have since been filled up or closed by the protrusion of 
elevated mountain chains, or by the penetration of veins of 
rocks of eruption (granite, porphyry, basalt, and melaphyre) ; 
and whilst on a superficial area e<\-aaL to that of Europe there 
are now scarcely more than four volcanoes remaining, through 
which fire and stones are erupted, the thinner, more fissured, 
and unstable crust of the earth -was anciently almost every- 

phico-geogaostic plan were borrowed hum DocandaUe'a nomenclature, 
in whioli endogenoug u Bjnonjmoua with monocotyledoDoua, and fso- 
geama nith dicotyledonouB, pkal& Mobl's more accurate examinatioa 
of vegetable tiaaaeg has, however, shoim that the growth of taonocotyle- 
dons from within, and dicotjledons from without, is not atrictly and 
xenenllf true for vegetable organisms (Link, Elementa Philosophia 
Botamro!, t. i. 183T, p. 2ST; Endlicher and Unger, Qruadxmge der 
Botanit, 1843, b. S9 ; aod Jus^eu, Tratte de Sotanigue, t. i. p. 86.) 
The rocka whiuh I have termed eodogenons are characterigtically distin- 
guished bj Lyell, in his Principles qf Oeology, 1838, toL iil p. 37*, 
as "nether-formed" or "hjpogene rocks." 

■ Compsro Leop. yon Buch, I7e5«- JMomiC als Oebiri/saTt, 1823, 
B. 36 ; tad hia remarks oa the degree of fluidity to be ascribed to pln- 
bmic rocks at the period of their eruption ; as well as on the formation 
of gneiss from schist, through the action of granite and of the subBlaneei 
BlÄcaved with it ; to be fonnd ia the Ahhandl. der Atad. der Wiseen- 
adt. zu Berlin, for the year 1812, a. SS uml 6S, and in the Jahrbvchßir 
vüeehtciu^iche KritiL; 1840, a. 1S5. 
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where covered bj channels of conmnmicatkni between ^ 
fused interior and Üie external atmospihere. Qaseoos emaniu 
tions, rising from yery unequal depths, and therefbre coareyxoi 
aubstances difEering in their chemical nature, imparted gxeatef 
activity to the plutonic processes of formatioa and tramftr- 
mation. The sedimentary formaitiona, the d^iosits of liquid 
fluids from cold and hot springs, which we daily see prodoaiig 
the travertine strata near Eome and near Hobcut Town in 
Van Diemen's Land, afiRurd but a fiunt idea of the fiota ftacma- 
tion. In our seas, small banks of limestone, almost equal la 
hardness at some ports to Carrara marble,* are in the oouKcf 
formation, by gradual precipitation, accumulation, and eemenia- 
tion — ^processes whose mode of action has not been suffideadj 
well investigated. The Sicilian coast, the Island of AsceuBoa, 
and King George's Sound in Australia, are instaneea of Üni 
mode of formation. On the coasts of the AntiUes, the« 
formations of the present ocean contain articles of pottery« 
and other objects of human industry, and in GKiadaloape even 
human skeletons of the Carib tribes.t The negroes of the 
French colonies designate these formiationfi by the naine ol 
Maconne'bon-Dieu.'l A small oolitic bed, formed in liui- 
cerote, one of the Canary Islands, and which notwithstan^ng 
its recent formation bears a resemblance to Jura limestcme, 
has been recognised as a product of the sea and of tempests.^ 
Composite rocks are definite associations of certain orycto- 
gnostic, simple minerals, as feldspar, mica, solid silex, augite, 
and nepheline. Rocks, very similar to these, consisting of 

* Darwin, Voieame I^nds, 1844, pp. 49 tana 154. 

+ [In most instanees the bones are dispersed, bat a large slab of rock, 
in which a considerable portion of the skeleton of a female is imbedded, 
is preserred in the British Museum. The pres^ice of these bones hss 
been explained by the circnmstance of a battle, and the massacre of a 
tribe of Qallibis by the Caribs, which took place near the spot in which 
they are found, about 120 years ago ; for as the bodies of the slain 
were interred on the seashore, their skeletons may have been subse- 
quently covered by sand-drift, which has since consolidated into lime- 
stone. Dr. Moultrie, of the Medical Colk^e, Charleston, U.S., is, how- 
•ever, of opinion, that these bones did not belong to individualB of the 
Carib tribe, but of the Peruvian race, or of a tribe poflsessing a similar 
«raniological development.] — Tr. 

t Moreau de Jonn^, Hist, phya. des ÄnÜUe; t. L pp. 189, 138, and 
543 ; Humboldt, ReUdion histxnique, 1 iii. p. 367. 

§' J^ear Teguiza. Leop. von Buch, Cbnomc^ Ifmln, s. 301. 
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the same elements, but ^ouped differently, are Btill formed 
by Volcanic processes, as in tlie earlier perioik of the world. 
The t-haraetcr of rocks, as we have already remarked, is so 
mdependent of p;eoprapliicBl relatione of space,* that the 
geologist recognises with surprise, alike to Üie north or the 
sooth of the equator, in the remotest and taoat diEsimilar 
zones, the Similiar as])ect, and the repetition of even the 
roost minute characteristics ia the periodic stratification of 
the Silurian strata, and in the effects of contact with aagilic 
rnaases of eruption. 

We will now enter more ftdly into the consideration of the 
ftwir modes in which rocka are formed — the four jJiaseH of 
their formative processes manifested In the stratified and 
unstratified portions of the earth's surface ; thus ia the m- 
dogenoKs or erupted roi^hf. designated by modem goognosists as 
fMHapoct and abnormal rocks, we may enmnerate the following 
prüicipal groups as immediate products (rf terrestrial activity. 

1. ÖramVffomrf «yeniVe of vwydififerent respective ages; the 
gramite is frequ^tly the more recent, f traversing the syenite 
in veins, and being in that case the active upheaving ag«it. 
" Where the granite occurs in large insulated masse« of a Ikmtly 
arched elhpsoidal form, it is covered by a crust or shell deft 
into blocks, instances of which are met with alike in the Harte 
district, in Mysore, and in Lower Pern, This sea of rocks 
probably owes its origin to a contraction of the surface of the 
granite, owing to the great expansion that accompanied its 
first upheaval."]: 

Both in Northern Afiia,§ on the ehanning and romantic 
shores of the Lake of Koliran, on the north-west declivity of 
the Altai mountains, and at his Triacheras, on the slope of 
the littoral chain of Caracas, || I have seen granite divided into 
ledges, owing probably to a similar «mtraction, although the 

• L«ip. yon Buch, op. cil. p. B. 

t Berohini Cott^ Geognosie, IS39, a. ST3. 

t L«op. TOD Bach, üeber Oranü vnd Qnäm, is the Ahhamdl. d» 
Berl. Aknd., for the year 1842, a 60. 

I In the pn^ectiug muni msHwa or granita of Lake Kolivan, dividEd 
Into nuTow püallel beds, there ne nmnarons crrätulB of feldspar and 
Blbile, Rod a few of titanium, (Hnmboldt, Ade centrale, t. i, p. 399 ; 
OuBtav Rose, Beige nach dem Ural, bd. i. a. S24,) 

U Humboldt, Bilalien hittorigue, t. iL p. 99. 
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diyisions appeared to penetrate fax into the interior. Further 
to the 80UÜ1 of Lake Kolivan, towards the boundaries of the 
Chinese province Ili (between Buchtarminsk and the river 
Narym), the formation of the erupted rock in which there is 
no gneiss, is more remarkable than I ever observed in any 
other part of the earth. The granite, which is always covered 
with scales and characterised by tabular divisions, rises in the 
steppes, either in small hemispherical eminences, scarcely six or 
eight feet in height, or like basalt in mounds, terminating on 
either side of their bases in narrow streams.* At the cataracts 
of the Orinoco, as well as in the district of the Fichte]^^ 
birge (Seissen), in Gkdida, and between the Pacific and the 
highlands of Mexico (on the Papagallo), I have seen granite 
in large flattened spherical masses, wluch could be divided, 
like Imsalt, into concentric layers. In the valley of Liysch, 
between Buchtarminsk and Ustkamenogorsk, granite covers 
transition slate for a space of four miles,f penetrating into it 
from above, in narrow, variously ramified, wedge-like veins. 
I have only instanced these peculiarities, in order to designate 
the individual character of one of the most generally di&sed 
erupted rocks. As granite is superposed on slate in Siberia, 
and in the Departement de Finisterre (Isle de Mihau) so it 
covers the Jura Limestone in the moimtains of Oisons (Fer- 
ments), and syenite, and indirectly also chalk, in Saxony, 
near Weinböhla. % Near Mursinsk, in the Uralian district, 
granite is of a drusous character, and here the pores, like 
the fissures and cavities of recent volcanic products, enclose 
many kinds of magnificent crystals, especially beryls and 
topazes. 

2. Quartzose porphyry is often found in the relation of 
veins to other rocks. The base is generally a finely granu- 
lar mixture of the same elements which occur in the lai^er 

* See the sketch of Biri-tau, which I took from the south side, where 
the Eirghis tents stood, and which is given in Rose's Heise, bd. i. 
8. 684. On spheres of granite scaling off concentrically, see my 
Relat. hist., t. ii. p. 497, and Esaai Oiogn. sur lea Oisement des Boches, 
p. 78. 

t Humboldt, Asie centrale, t. i. pp. 299-311, and the drawings in 
Bose's Reise, bd. i. s. 611, in which we see the curvature in the layers 
of granite which Leop. yon Buch has pointed out as characteristic. 

X This remarkable superposition was first described by Weiss in 
Karsten's Archiv für Berghau und Hüttenwesen, bd. xyu 1827, s. 5. . 
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embedded crystals. In granitic porphyry that is very poor 
in quartz, the feldspathic base is almost gnmular and lami- 

3, Greenstones, Dinrite, are granular mixtures of whit« 
albite and blackish green hornblende, forming dioritic porphyry 
wben the crystals are deposited in a, base of denser tissue. 
The greenstones, either pure, or enclosing lamina) of diallage 
(as in the Fichtelgebirge), and passing into serpentine, hare 
sometimes penetrated in the form of strata, into the old 
stratified fissures of green argillaceous slate, but they more 
frequently traverse the rocks ia Tcins, or appear as globu- 
lar masses of greenstone, similar to domes of basalt and 
porphyry, t 

Hypersthene rock ia a granular mixture of kbradorite and 
hypersthene. 

Ei^koiide and serpentine, containing sometimes crystals of 
aiigite and uralite, instead of diallage, are thus nearly allied 
to another more frequent, and I might almost say, more 
energetic eruptive rock — augitic porphyry. J 

Melapht/re, augitic, uralitic, and oligoklastic porphyries. To 
the last named species belongs the genuine verd-antigm, so 
celebrated in the arts. 

Basalt, containing olivine and constituents which gelatinise 
in acids ; phonohthe (porphjritic slate), trachyte, and dolerite ; 
the first of these rocks is only partially, and the second always, 
divided into thin lamina;, which give them an appearance of 
stratification, when extended over a lai^ space. Mesotype 
and nepheline constitute, according to Gimrd, an important 
part in the composition and internal texture of basalt. The 
nepheline contained in basalt, reminds the geognosist both of 
the miascite of the Ilmcn mountains in the Ural,§ which has 

• Dnfr6noy et ElJE dc Beaumont, Oioiogie de la France, t. i. p. 130. 

+ These inlerealated bed» of diorite play nu ünporüiut part ia tha 
mountaiD district of NüUu, near SieljeD, «here I vina engaged in 
mining operations in the laat centnrj, and with which the happieet aaso- 
dations of my early life are connected. Compare Hoffmann, in Foggen- 
dorff'B Annalen, bd. xvi. s. S5S. 

; In tbe southora and Boabkiriac portion of the Ural. Kose, Heise, 
bd. Ü. B. in. 

g,a, Koac, Heine, naeh dem Uro!, bd. ii. s. JT-S2. Fespecting the 
iduDtlty of eleolite and nepheline (the Litter containing rather the mare 
lime), see Soheerer, in I'aggead. Aimalen, bd. ilix. a. 9S9-331. 
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been confounded witk granite, and sometimeB oontaimB m- 
coniiim, and of the pyroxenic nepheline dtsooyered by €him- 
precht near Lobau and Chemnitz. 

To the seoond or sedimentary rocks, belong the greaiter 
pert of the formationfl whidi have been compnsed under tiie 
old eystematic, but not very con«ct, designation of transiiitm, 
ßöh or secottdary^ <md Urtiary farmatioM, K the erupted 
rocks had not exercised an elevating, and owing to the siBinl- 
taneous shock of the earth, a disturbing infloeance on these 
sedimentary formations, the surjhce of our planet would ha:ve 
consisted of strata, arranged in a imiformly horusontal direc^ 
tion above one another. Deprived of mountain duuns, on 
whose declivities the gradations of vegetable forms, and the 
scale of the diminishing heat of the atmosphete appear to be 
picturesquely reflected — ^furrowed only here and there by 
valleys of erosion, formed by the farce of fredi water moving 
on in gentle undulattons, or by the accumulation of detritos, 
resulting from the aetion of currents of water — continents 
would nave presented no other appearance from pole to pde 
than the dreary imiformityof the llanos of South. America, or 
the steppes of Northern Asia. The vault of heaven would 
everywhere have appeared to rest on vast plains, and the stars 
to' rise as if they emeiged from the depths of ocean. Such 
a condition of things could not however have generally pre- 
vailed for any length of time, in the earlier periods of the 
world, since subterranean iotc&A must have striven in all 
epochs, to exert a counteracting influence. 

Sedimentary strata have b^n either precipitated or de- 
posited from liquids, according as the materials entering into 
their composition are supposed, whether as limestone or argil- 
laceous slate, to be either chemically dissolved, or suspended 
and commingled. But earths when dissolved in fluids im- 
pregnated with carbonic acid, must be regarded as under- 
going a mechanical process, whilst they are being precipi- 
tated, deposited, and accumulated into strata« This view 
is of some importance with respect to the envelopment of 
organic bodies in petrifying calcareous beds. The most 
ancient sediments of the transition and secondary fonnations 
have probably been formed from water at a more or less high 
temperature, and at a time when the heat of the upper sur- 
&ce pf the earth was still veiy considerable. Conodered in 



Üu3 point of view, (i plutonic oction seems to a certain extent 
also to have taken place in tlio sedimeHtary strata, especially 
the more ancient; but these strata apprai to have been 
hardened into a Bchistoac stmcture, and under great pressure, 
and not to have been soiidified by cooling, like the rocks that 
have issued from the interior, as for instance granite, porphyry, 
and basalt. By degrees, as the waters lost liieii temperature, 
and were able to absorb a copious supply of the carbonic acid 
gas with which the atmosphere was overchai^d, they become 
fitted to hold in solutüni a larger quantity of lime. 

ÜJie sedimentary strata, setting aside all other esogenoua, 
purely mechanical depoMts of sand or detritus, are as follows; — 

Sc/iist, of the lower and upper transition rock, composing 
tJhe Silurian and devonian formations; irom the lower Silurian 
strata, which were once termed camhrian, to the upper strata 
of the old red sandstone or devonian formation, immediately 
in contact wiÜi the mountain iimcstooe. 

Carboniferous ikposils : — 

Limestones imbedded in the transition and carboniferous 
fbrmations ; ledigtein, muschclkalk. Jura formation and chalk, 
also that portion of tho tertiary formation which is not in- 
cluded in sandstone and conglom'Crate. 

Travertine, fresh-water limestone, and sihceous concretions 
of hot springs, formations which have not been produced nnder 
the pressure of a large body of sea water, hut almost in im- 
mediate contact with tho atmosphere, as in riiaUow marshea 
and streams. 

Infusorial deposiii : geognostical phenomena, whose great 
importance in proving the influence of organic activity in the 
fbrinntion of the sohd part of the earth's crust, was first dis- 
covered at a. recent period, by my highly gifted friend and 
fcUow traveller, Ehienbei^. 

If, in this short and superficial! view of the mineral con. 
etituents of the earth's crust, I do not place immediately after 
the simple sedimentary rocks, tlie conglomerates and sand' 
stone formations which have also been deposited as sedimentary 
strata from hquids, and which have been embedded alternately 
with schist and limestone, it is only because they contain 
together with the detritus of craptive and sedimentary rocks, 
also the detritus of gneiss, mica slate, and other metamorphio 
masses. The obscure process of this metamorphisni, and the 
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action it produces, must therefore compose the third class of 
the fundünental forms of rock. 

Endogenous or erupted rocks (granite, porph3rry, and mela- 
phyre,) produce, as I have akeady frequently remarked, not 
only dynamical, shaking, upheaving actions, either vertically 
or laterally displacing the strata, but they also occasion 
changes in their chemical composition, as well as in the nature 
of their internal structure. New rocks being thus formed, 
as gneiss, mica slate, and granular limestone (Carrara and Pa- 
rian marble.) The old silurian or devonian transition schists, 
the belemnitic limestone of Tarantaise, and the dull grey 
calcareous sandstone (^Macigno) which contains algse found 
in the northern Apennines, often assume a new and more 
brilliant appearance after their metamorphosis, which renders 
it difficult to recognise them. Hie theory of metamorphism 
was not established until the individual phases of the change 
were followed step by step, and direct chemical experiments 
on the difference in the fusion point, in the pressure and time 
of cooling, were brought in aid of mere inductive conclusions. 
Where Üie study of chemical combinations is regulated by 
leading ideas,* it may be the means of throwing a clear light 
on the wide field of geognosy, and over the vast laboratory of 
nature in which rocks are continually being formed and 
modified by the agency of subterranean forces. The philo- 
sophical enquirer will escape the deception of apparent 
analogies, and the danger of being led astray by a narrow 
view of natural phenomena, if he constantly bear in view the 
complicated conditions which may, by the intensity of their 
jforce, have modified the counteracting effect of those indi- 
vidual substances, whose nature is better known to us. Simple 
bodies have, no doubt, at all periods, obeyed the same laws of 
attraction, and wherever apparent contradictions present them- 
selves, I am confident that chemistry will in most cases be 
able to trace the cause to some corresponding error in the 
6xperiment. 

* See the admirable researches of Mitscherlich, in the AbhancU» der 
Berl. Ahad, for the years 1822 and 1823, s. 25-41 ; and in Poggend. 
AnncUen, bd. x. s. 137-152, bd. xi. s. 323-332, bd. xli. s. 213-216. 
(Gustav Rose, Ueber Bildung des KcUkspatha und Aragonits, in Pog- 
gend. Annalen., bd. xlii. s. 853-366 ; Haidinger, in the TramacHonaqf 
ike JRoyal Society qf Edinburgh, 1827, p. 148.) 
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Ohservations made with esfreme ttccuraey over lai^ tracts 
or lond, show that ei-upted rocks have not been produced in 
an iiTogulor and unsystematic manner. In porta of the globe 
most remote from one another, we often find tliut giimite, 
basalt, and diorite have e^eix^iscd a regular and uniform meta- 
moi'phic action, even in the minutest details, on the strata 
of ai'gillaccouB slate, dense limestone, and the grains of quartz 
in sandstones. As the same endogenous rock manifests almost 
everywhere the same degree of activity, so, on the contrary, 
different rocks belonging to the same class, whether to the 
endi^noua or the erupted, eshitit great differences in their 
character. Intense heat has undoubtedly influenced all Öiese 
phenomena, but the degree of fluidity (the more or 1 
perfect mobility of the particles — their more ^^scou^ co 
position,) has varied very considerably from the granite to 
the basalt; whilst at different geological periods (or meta- 
morphic phases of the earth's crust.) otJier substwices dissolved 
in vapours, have issued from the interior of th^ earth, simul- 
taneously with the eruption of gronite, basalt, greenstone- 
porphyry, and serpentine. This seems a fitting place again 
to draw attention to the fact, that, according to Sie admirable 
views of modem geognosy, the raetiimorphism of rocks is not 
a mere phenomenon of contact, limited to the efiect produced 
by the apposition of two rocks, since it comprchends all the 
generic phenomena that have accompanied the appearance of 
a particular erupted mass. Even where there is no imme- 
diate contact, the proximity of such a mass gives rise to 
modifications of solidification, cohesion, granulation, and 
crystnllization. 

All eruptive rocks penetrate, as ramifying veins, either 
into the Bedimenlmy strata, or into other equdly endogenous 
masses; but there is a special importance to be attached to the 
differenoe manifested hetvieen plutonic rocks,* (granite, por- 
phjTy, and serpentine,) and those termed volcanic in the 
strict sense of the word {as trachyte, basalt, and lava). ITic 
rocks produced by the activity of our pi-eseat volcanoes, 
appear as bond-like streams, but by the confluence of several 
of them, they may form an extended basin. Wherever it has 
been possible to trace basaltic eruptions, they have genertiDy 

• [LjcU, Fn>id2:Us of Otology, vol lU. pp. 3E3 and 3EB,}-3V. 
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been foimd to terminate in tuender threads. Example» of 
these narrow openings may be fouad in three places in G^^- 
many, in the " P/loiter-kaute" at Marksuhl, eight miles from 
Eisenach ; in the blue ^^Ktippe^'' near Eschwege, on the banks 
of the Werra, and in the Druidioal stone on Üie HoUert road« 
j(8iegen,) where the basalt has broken through the yaxi^ated 
•andstone, and giieywacke slate, and has spread itself into 
eup-like fimgoid enlargements, which are either grouped 
together, like rows of columns, or are sometimes stratined 
in thin laminss. The case is otherwise with granite, syenite, 
quartzose porphyry, serpentine, and the whole series of toi» 
stratified compact ro^kB, «to which, from a predilection for a 
inythological nomenclature, the term plutonic has been i^j^lied. 
These, with the exception of occasional veins, were probi^ly 
not erupted in a state of frwion, but merely in a softened ctm- 
dition, not from narrow fissures, but from long and widefy 
extending gorges. They have been protruded, but have not 
bowed for£h, and «re found, not in streams like la^a, but in 
extended masses.* Some groups of dolerite and trachyte 
indicate a certain degree of basaltic fluidity ; others, which 
have been expanded into vast oraterless domes, appear to 
have been only in a softened condition at the time of their 
elevation. Other traohytes, like those of the Andes, in whidi 
I have frequently perceived a striking analogy with the greea-^ 
stones and syenitio porphyries (which are argentiferous, and 
without quartz), are deposited in the same manner as granite 
and quartzose porphyry« 

* The description here giyen of the relations of position xatdet itluoh 
granite occurs, expresses the general or leading chu^u;ter of the iiii6le . 
formation. But its aspect at some places leads to the belief^Chat it 
Was occasionally more fluid at the period of its eruption. The de- 
scription given by Rose, in his MeUe nach dem UrcU, bd. L & iS99, «f 
part of the Kaiym chain near the frontiers of the Chinese teiritones^ m 
well as the evidence afforded by trachyte, as described by DufirSn^y and 
Elie de Beaumont, in their Desoription gSologigue de la JßSrance, i. L 
p. 70. Having ahready spoken in the text of the narrow apertnres 
through which the baiüdts have sometimes been efihsed, I will hei« 
notice the large fissures, which have acted as conducting paflsage« lör 
melaphyres, which must not be confounded wiüi basalts. Bee MureM- 
son's interesting account (The Süurian 8yekm, p. 126) of a fissure 48^ 
feet wide, through Which melaphyre has becai ejected, at the coSl<4ni2ie 
at Combrook^ Hoar Edge. 
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Esperiments ob the changes which the teshire and 
chemical constltutioii of rocka experience from the action of 
heat, hove shown that Toleanic masses,* [diorile, augitic 
porphyry, basalt, and the lava of Etna) yield difiei-cnt pro- 
ducts, according to the difference of the pressure under whidi 
■they have been iuaed, and the length of time occupied during 
their cooling ; thus, where the cooling was rapid, they fbim. 
a black glass, having a homogeneous fracture, and where the 
cooling was stow, a stony mass of granular crystalline stmeture. 
In the latter cose, the cryslals are formed partly in cavities 
and partly enclosed in the matris. The same materials yield 
the most dissimilar products, a liict that is of the greateet 
importance in reference to the study of the nature of erupted 
rocks, and of the metamorphic action which they occasion. 
Carbonate of lime when fused under great pressure, does not 
lose its carbonic acid, but becomes when cooled, granular 
iimestonc; when the crystallization has been effected by 
the dry method, saceharoidal marble; whilst by the humid, 
method, calcareous spar and aragonite are produced, the 
fonner luider a lesser degree of temperature than the latter.f 
Differences of temperature, likewise, modify the direction in 
which the diflferent particles arrange themselves in the act of 
oiTetallization, and also afikzt the form of the crystal. J Even 
when a body is not in a fluid condition, the smallest partideB 
may undei^ certain relations in their various modes of 
■irangement, which are manifested by the dj^rent action on 
light, § The phenomena presented by devitrification, and by the 
formation of steel by cementation and casting, — the transition 
of the fibrous into the granular tissue of the iron, from the 
action of heat,|| and probably, also, by regular and long con- 

• Sir James H«I1, m the .ffrfin. JVni«-, vol.v.p. 4S,andTol. ri, p. 71; 
Gregoiy WMt, in the Pkil. Trane, o/tlie Boy. Soe. qf London/or 1801, 
It. ii. p. 27B ; Doriignes and Flearian de Bellevne, in the Journal de 
Physique, L Ii. p. 456; Bisehof, Wurmtlehre, P, 313 und 443. 

+ Gustav Kose, in Poggeod. Ajinauri, bd. slii. n. 364. 

X On (lie dimorphism of snlphur, seo Mitecherlieh, Lfhrbuch der 
Ch^mit, § 66-e3. 

! On g)T>anm ts, a uniaml orjatal, and on tiie snlphate of n „ 
■Bd the oxides of zinc and nickel, Bee Mitadierlich, in Poggend. A nnolen, 
bd. xi. a S2B 
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tinued concussions — ^likewise throw a considerable d^ree of 
light on the geological process of metamorphism. Heat may 
even simultaneously induce opposite actions in crystalline 
bodies, for the admirable experiments of MitscherHch ha^e 
established the fiict* that calcareous spar, without altering 
its condition of aggregation, expands in the direction of one 
of its axes and contracts in the other. 

K we pass from these general considerations to individual 
examples, we find that schist is converted, by the vicinity of 
plutonicc rupted rocks, into a bluish-black glistening roofing- 
slate. Here the planes of stratification are intersected by 
another system of divisional stratification, almost . at right 
angles wiäi the former ,f and thus indicating an action sub- 
sequent to the alteration. The penetration of silica causes 
the argillaceous schist to be traversed by quartz, trans- 
forming it in part into whetstone and silicious schist; the 
latter sometimes containing carbon, and being then capable 
of producing ^vanic effects on the nerves. The highest 
d^ree of silicification of schist is that observed in ribbon 
jasper, a material highly valuable in the arts,| and which is 
produced in the Oural mountains by the contact and eruption 
of augitic porphyry (at Orsk); of dioritic porphyry (at Aidsch- 
kul) ; or of a mass of hypersthenic rock, conglomerated into 
spherical masses (at Bogoslowsk) ; at Monte Serrate, in the 
Island of Elba, according to Frederick Hoffinan, and in Tus- 
cany, according to Alexander Brongniart, it is formed by 
contact with euphotide and serpentine. 

The contact and plutonic action of granite have sometimes 

* MitBcherlich, Ueber die Ausdehnung der hryHaUisirten Körper 
durch die Wärme. f in Poggend. Annaleny bd. x. a. 161, 

t On the double system of divisional planes, see Elle de Beaumont, 
Oiologie de la France, p. 41 ; Credner, Oeognosie Thüringens und des 
Harzes, s. 40 ; and Römer, Das BJieinische Uebergangsgebirge^ 1844, 
8. 5 nnd 9. 

X The silica is not merely coloured by peroxide of iron, but is accom- 
panied by clay, lime, and potash; Rose, Reise, bd. ii. s. 187. On 
the formation of jasper by the action of dioritic porphyry, augite, and 
hypersthene rock, see Rose, bd. ii. s. 169, 187, und 192. See idso bd. L 
B. 427. where there is a drawing of the poiphyiy spheres between which 
jasper occurs, in the calcareous greywacke of Bogoriowsk, being pro- 
duced by the plutonic influence of Uxe augitic rock; bd. ii. b. 54^ and 
llkewiße Humboldt, Asie Centrale, t. i. p. 486. 
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made orgillneeoua schist gvanulai-, as was observed by Gustav 
Rose and myself in the Altai mountains (within the fortress of 
Buchtarminsk),* and have transformed it into a i 
bling gi-anlte, consisting of a mixture of feldspar : 
which lui^r latninie of the latter were again irobcdded.f 
Most geognosists adhere, with Leopold von Buch, to the well- 
known hypothesis " that all the gneiss in the siluriaa strata of 
the Transition foiTOation, between the Icy sea and the Gulf of 
Finland, has been produced by the metamorphic action of 
giunite.J In the Alps, at St. Gothard, calcareous mnr! is 
likewise changed from granite into mica-slate, and then trans- 
formed into gneiss." Similar phenomena of the formation of 
gneiss and mici-siate through granite present themselTcs in 
the oolitic group of the Tarantai3e,§ in which belemnites are 
found in rocks, which have some claim to be considered as 

• Kose, Reise nach dem Ural, bd. i. a. 688-588. 

+ In respect to the volcanic origin of mica, it is important to notice 
tbat crystale of mica are found in the basalt a( the Bohemiita Mittelge- 
birge, in the Uva that in 1823 was Reeled from VeBuvius (Mooticelii, 
Sloria del Yeguvio negii Anni 3821 e 1S22, g 89), and in fragraento of 
aiglUKceous slate imbedded in scoriaceoua basalt at HoheofclE, not Car 
from Gerolstein, in the Eifel, (see Mltecherlich, in Leonhard, BaiaU^ 
OebUde, s. 2*4). On the formation of feldspar in »rgillaceoua sehigt, 
through contact with porphyry, occurring between XJrval and PolBt 
(Forcz), sec Bufreno;, iaOloL de laF-rance, t i. p. 137. It is probably 
to a similar contact, that certain schista neat- Paimpol in Brittanv, with- 
whose appearance I was much struck, wbile making a geoio^cal pedes- 
triim tour through that interesting country with Profflasor Knnth, owe 
their amygdaloid and cellnlar character, — i. i. p, 231. 

t Leopold von Bach, in tbe Abhandlungen der Akad. der Witiett- 
scliafl su Berlin, aus dtm J. 1812, s. 63, and in the Jahrbiichera für 
WistenseJtaßlidie Kritik Jalirff. 1840, t. 198. 

g Elie do Beaamont, in tbe A nnalea da Scieneei IfatureUes. t. iv. 
p. S62-3T2. " In approaching tbe primitive masses of Moct Eoaa, and 
the moontaina wtuated to the west of Coni, we perceive that the 
secondary strata giudually lose the characters inherent In their mode of 
deposition. Frequently assuming a efciantcter apparently arising from a 
perfectly distinct cause, but not losing tboir stratification, they sf — " 
what resemble in their phyeieal structure a brand of balf-conau 
wood, in which we can follow the traces of the ligneous fibres lieyond 
the spots which continue to present the natural cbaracterB of wood." 
{See also the Annalea des Sciences NMaretles, t. xiv. p. 118-122. and 
Ton Deehen, Geognoiie, s. GfiS.) Amongst the moat striking proofii of 
the transformation of rocks by plutonic action, we must place tbe belem- 
nites la the schisls of Huffenen (in the Alpine valley of Eginon and iir 
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mica-Blate, and in the schistose group in the if es t em pot 
of the island of Elba, near the promontoiT of Calamita, anA 
the Fichtelgebirge in Baireuth, between Lomxtz aiod Mazk* 
leiten.* 

Jasper, which,t as I have already remarioed^ is a jnioduetiiHi 
formed by the yokanie action of augitic porphyry, could onfy 
be obtained in small quantities by the aacienta, whilst another 
material, very genendly and efficiently used by them in the 
arts, was granular or saccharoidal marble, whieh is likewise to 
be regarded solely as a sedimentary stratum altered by terreatduk 
h^at and by proximity with erupted rocks. This opinicm is 
corroborated by the accurate obseamutions on the phenomena 
oi contact, by the remarkable experiments on fiision^ made by 
Sk James Hall more than half a century ago, and hf t^ 
i^entiye study of granitie yeins, whidi has contributed sa 

the dries-glaciers), and tka belemnites Anmd Inr K. C9nip«ntier isk the 
•o-oüled primitive limestone on the western descent of tho CeV de la 
Seigne, between the Enclove de Mon^oyet and tiie didlet of La Loh' 
chette, and which he showed to me at Bex in the autumn of 1882 
{Annales de Chirme, t. zxiiL p. 262). ' 

* Hoffinami, in Poggend. Annalen, bd. xri. a SS2, ^Strata of tnn- 
aition argillaceous schist in the Fichtelgebirge, which can be traced for 
a length of 16 miles, are transformed into gndas only at the two ex^9- 
mlties, where they come in contact with granite. We can there foUow 
the gradual formation of the gneiss, and the derelopment of the mka 
and of the feldspathic amygdaloids, in ihß interior of the argillaeeoo» 
schist, which indeed contains in itself almost all the elements of these 
gubstances." 

+ Amongst the works of art which have come down to us from the an- 
cient Greeks and Boman^ we observe that none of any size — as eolamns 
or large vases — are formed from jasper ; and even at the present day- 
this substance, in large masses, is only obiained from the Ural moantaiDa 
The material worked as jasper from the Shnbarb ™<?"nt-alTi (Reveniaga 
Sopka), in Altai, is a beautiful ribboned porphyry. «^ The word jasper ia 
derived from the Semitic languages, and from the oonfiised descriptions <tf 
Theophrastus (De Lapidibug^ 23 and 27) and Pliny (xxzvii. 8 and 9), 
who rank jasper amongst the " claque gem%" the name appears to hav» 
been given to fragm^its of jaspachcU, and to a sabstaiLoe which the 
ancients termed jasponyx, which we now know aa optU-Jcuper, Pliny 
considers a piece <^ jasper eleven indies in loigth ae rare, as to require 
kis mentioning that he had actually seen such a specimen : ^ Magnit»? 
dinem jaspidis undecim unciamm vidimua, formatomque inde flffig^^M»? 
Keronis thoracatam;." According to Theoikhraetas, the stone which he 
calls emerald, and from which laiige obelisks wefe cat^ mast hzim been 
an imperfect jagper* 



largely to the eBtablishment of modern geognosy. Sometimes 
the erupted rook has not transformed the compact into granular 
limestone to any great depth from the point of contact. Thus, 
for instance, we meet with a sliglit trwiBfonnation — u penum- 
bra — as at Belfest in Ireland, where the basaltic Teins h-nTerse 
the chalk ; and, as in the compact calcareous beds, which have 
been partially inflected by the contact of syenitic granite, at 
the Bridge of ßoscanijra and the Cascade of Canzocoli, in the 
Tyrol, (rendered celebrated hy the mention made of it by 
Count Mazari Peucati.)* Another m.ode of transformation 
ooeurs where all the strata of the compact limestone have 
been changed into granular limestone' by the action of granite, 
and syenitie or dioriiio porphyry, f 

I would here wish to make special mention of Parian ana 
Carrara marbles, which have acquired such celebrity from the 
noble works of art into which tiiey have been converted, and 
which have too long been considered in our geognostic coUec- 
ticais as the main types of [mmitive limeafone. The action of 
gT«nit£ has been inamfested sometimes by immediate contact, 
as in the Pyrenees,! '"^^ sometimes, as in the mainland of 
Greece, and in the insular groupe in the .S^ean sea, through 

• Humlioldt, Lettre ä M. Brocharcl di ViUiera, in tho Annales ds 
CliimU el de Physique, i. xxm. p. 261 ; Leop. von Buch, Qeog. Bri^t 
«her daa ifüdlicke Tyrol, a. 101, 106, und 278. 

■f- On [he tiBnsformation of eompact into gnuiutni limegtitne, bj tlia 
gc^oa of granite, in the Pfrcncei at the Moatngtui de Btuide, iw 
Dnfrfno)', in tha Mfmoires gSologiipcea, t. ii. p, iiO ; und on aimijar 
ohuigeB in the iforttagnee de lOisana, ten Elie do Beaumont, in Che 
Mivi. gSotog., t ii. pp. 379-413 ; cm a similar effect produced bj the 
action of diorltio uid pyroienJE porphyry (die ophite dBBcribed by Ehe 
de Boftnmont, in ttia Odlogie de la /Von«, t. \. p. 72), between Toloai 
and Be. Sebastian, see DalVfnoy, in tlie M^, giotog., L il. p. 130 ; and 
by syenite in the Isle of Skye, where the fosaila in the altered llmeatone 
may still be diEtioguisbed, gee von Dedien, in hia Olognoaie, &. 573. 
In the tnuieformaUon of chalk, by contact with basalt, the tianspoEitioa 
of the moat mlnstfl parücies in the proeHeaeg of eiyWailiration and 
Kranolttion, is the more reutarkable, because the excellent microscopic 
mreitigatiuna of Bhrenberg have altoira Uiat tho particles of chalk 
previously existed in tbo form of tiosed rings. See Poggend. Amiiüen 
der Phyiil:, bd. xixix. a lOfi ; and on the rings of aragonibc depositet) 
from solution, eee Qugtav Beet, in vol. xlil. p. 3S1 of the Bsmojuumal. 

t Beds of graniUu' limett^ne in the granite at Port d'Oo, and in tha 
Hont da Laboord. &w Cliaipeatier, Constitution gtoleffi^e de> Pyrh 
«Ow, pp. Hi, HÖ. 
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the intermediate layers of gneiss or mica-slatar BoÜi cases 
presuppose a simultaneous, but heterogeneous process of trans- 
formation. In Attica, in the Island of Eidiea, and in the 
Peloponnesus, it has been remarked, ** that the limestone, when 
superposed on mica-slate, is beautiful and crystalline in propor- 
tion to the purity of the latter substance, and to the smallness 
of its argillaceous contents ; and, as is wdl known, this rock, 
toeethcr with beds of gneiss, appears at many points, at a con- 
siderable depth below the sur&ce, in the islands of Pan» and 
Antiparos."* We may here infer the existence of an imper- 
fectly metamorphosed flötz formation, if fidth can be yielded 
to the testimony of Origen, according to whom, the ancient 
Eleatic, Xenophanes of Colophon,t (who supposed the whole 
earth*s crust to have been once covered by the sea,) declared 
that marine fossils had been found in the quarries of Syracuse, 
and the impression of a fish (a sardine) in the deepest rocks 
of Paros. The Carrara or Luna marble quarries, which con- 
stituted the principal source from which statuary marble was 
derived, even prior to the time of Augustus, and which will 
probably continue to do so until the quarries of Paros shaU be 
re-opcned,are beds of calcareous sandstone — ^macigno— -altered 
by plutonic action, and occurring in the insulated mountain 
of Apuana, between gneiss-like mica and talcose schist^ 
Whether at some points gi*anular limestone may not have 
been formed m the interior of the earth, and been raised by 
gneiss and syenite to the surface, where it forms vein-like 

* Leop. Ton Bach, Descr. des Canaries, p. 394 ; Fiedler, Heise durch 
das Königreicli Oriedievdand, th. iL 8. 181, 190, und 516. 

■f^ I have previously alluded to the remarkable passage in Origen*8 
Philosophumena, cap. 14, {Opera, ed. Dclarue, t i. p. 893). Fi-om the 
whole context it seems very improbable that Xenophanes meant an 
impression of a laurel {tvttov Saijtvig) instead of an impression of a fish 
{rvrrov a0vi}c). Delarue is wrong in blaming the correction of Jacob 
Oronovius in changing the laurel into a sardel. The petrifaction of 
ft fish is also much more probable than the natural picture of Silenus, 
which, according to Pliny (lib. xxxvi. 5) the quarry-men are stated to 
have met with in Parian marble fromlfount Marpeasos. Servius ad 
Virg. jEn.f vi. 471. 

X On the geognostic relations of Carrara (77i« City of the Moouy 
Btrabo, lib. v. p. 222), see Savi, Osservazioni sui terreni antichi Tos- 
cani, in the Nuovo Giornale de' LeUercUi di Pisa, snd Hofimann, in 
Karstcn's Ardiivfilr Mineralogie, bd. vL s. 258-263, as well as in his 
Cfeogn, Reise durili Italien, s. 244-265. 



BOOK*. 



960 



fisBurea,* is a question on 'which I cannot hazard on opinion, 
owing to my own want of pei'sonal knowledge of the subject. 

According to the admirable ohseiTations of Leopold von 
Bach, the masses of dolomite found in Southci-a Tji-al, ond on 
the Italian side of the Alps, present the most i-cmarkahlo 
instance of mctamoqihism produced by massive eruptive rooks 
on compoct calcoi-eous beds. This transformation of the lime- 
stone seems to have proceeded fixmi the fissui'cs which traverse 
it in all dii-ections. The cavities are evorjwherc covered with 
rhomboidal ciystals of magncsiau bitter-spai*, and the whole 
fonaation, without any trace of ati-atification or of the fossil 
remains which it once contained, consists only of a granular 
aggregation of crystals of dolomite. Talc laminm lie scattered 
here and there in the newly formed rock, traversed by masses 
of serpentine. In the valley of the Fassa, dolomite rises per- .' 
pendieularly in smooth walls of diuzling whiteness to a height £/' 
of many thousand feet. It foi-ms shaiply-pointed conical 
mountains, clustered together in lai^ numbers, but yet not in 
contact with each other. The contour of their forms recall to 
mind the beautiful landscape, with which the rich imagination 
of Leonordi da Vinci has embcUished the background of the 
portrait of Mona Lisa. 

The geognostic phenomena which we ai'c now describing, 
and which excite the imagination, as well as the powers of 
the intellect, are the result of the action of augitic porphyry 
manifested in its elevating, destroying, and transforming 
force, t The process, by which limestone is converted into 
dolomite, is not regarded by the illustrious, investigatoi-, who 
first drew attention to the phenomenon, as the consequence of 
the tnlc being derived from the black poi-phyry, but rather aa 
a transformation, simultaneous ^vith the appearance of this 
erupted stone through wide fissui-es filled with vapoui's. It 
remains for future enquirers to det«miine how transformation 
can have been effected without contact with the endogenous 

* According to the assnmptioii of sat excellent ana Teiy eiperieneed 
observer, Karl von Leonhard ; see bis JuhrbtuJi für Mineralogie, 1 8S4, 
B. 329, and Bernhard Colta, Oeoj/notie, a. 310. 

+ Lcop. Ton Buch, QeognoatUche Briffe an Alex, von Mutvloldt, 
1S24, E. 36 and 82 ; also in the Amuden de CAemt«, t. ixiii. p. 276. and 
In the Abkandi. der Serimer Aiad. aa» der J. 182S tmd 1823, ■. 8S- 
ISfl; Ton Decben, QeognosU, i. C71-G73. 
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stone, where strata of dolomite are found to be interspenrf 
in limestone ? Where, in this case, are we to seek the eo^ 
cealed channels by which the plntonic action ia conye]f«d} 
Even here, it may not, however, be necessary, m confonnibf 
with the old Roman adage, to believe " that mu<^ that S 
alike in natmre may have been formed in wholly differoA 
ways." When we find, over widely extended parts of lis 
earth, that two phenomena are always associated together, 9Si 
for instance, the occurrence of melaphyre and the translfonmi> 
tion of compact limestone into a crystalline mass differing is 
its chemical character, we are, to a certain degree, justifiri 
in believing, where the second phenomenon is manzfestoJ 
unattended by the appearance of the first, that this appanal 
contradiction is owing to the absence, in certain cases, of 
some of the conditions attendant upon the exciting causesJ 
Who would call in question the volcanic nature and igneooi 
fluidity of basalt, merely because there are some rare instaaces 
in which basaltic veins, traversing beds of eoal or strata of 
sandstone and chalk, have not materially deprived the cod 
of its carbon, nor broken and slacked the sandstone, noi 
converted the chalk into granular marble? Wherever wfl 
have obtained even a fiiint light to guide us in the obscm 
domain of mineral formation, we ought not ungratefully to 
disregard it, because there may be much that is still imex^ 
plained in the history of the relations of the transitions, or is 
the isolated interposition of beds of imaltered strata. 

After having spoken of the alteration of compact carbonats 
of lime into granular limestone and dolomite, it stiU remaiofl 
fbr us to mention a third mode of transformation of the same 
mineral, which is ascribed to the emission, in the ancient 
periods of the world, of the vapours of sulphurie acid. Thi« 
transformation of limestone into gypsum, is analogous to the 
penetration of rock-salt and sulphur, the latter being depo- 
sited fi-om sulphuretted aqueous vapour. In the lofty Cordil- 
leras of Quindiu, far from all volcanoes, I have observed 
deposits of sulphur in fissures in gneiss, whilst in Sicily (at 
Cattolica, near Girgenti) sulphur, gypsum, and rock-salt 
belong to the most recent secondary strata, the chalk forma- 
ÜQiüB.'^ I have also seen, on the edge of the crater of Vesuvius, 

^ Hoflhian, Oeogn, Heise, edited by von Dechen, s. 118 119, und 
380-386 ; Poggend. .AnncUen dei' PkyHk bd xxvi. s. 41 



figgareB Med with rock-EsIt, wbich occurred in bucL consider- 
able iiiasi>ea, as occasionaUy to Itad to its bein^ disposed of 
by coutraband trade. On both declivitieB of the PjTenees, 
the CDimectioii of diurite and pyroxene, and dolomite, gyp- 
sum, and rock-salt cannot be qutätioned ;* and. here, as in thä 
Other phenomena which we have been considerinp;, cTerylhing 
bears evidence of the action of mibtcrranean forces on the 
sediaieDtary strata of the ancient sea. 

There is much difficulty in explaicg the origin of the beds 
i^pare quajtz, which occur in Buch arge quantities in Soirth 
America, and impart so peculiar a character to the chain of 
tfae Andes. f In descending to-naids the Bouth Sen, from 
Coxanuirca towards Guangamarca, I have observed vast 
tUBSses of quartz, from 7000 to SOOO ieet in height, superposed 
«omctimee on porphyry devoid of quartz, 'i^i\ sometimes on. 
diorite. Can these bods have been tr^iefbrined from etuid- 
atone, as Elie de Beaumont eonjectmres ia the case of the 
quarts strata on the Col de la Poissonnifire, east of Brianqon?J 
ia the Brazils, in the diamond district of Minctg Geraes and 
St Paul, which has recently been so accurately investigated 
l^ ClauEen, plutonic action has developed in dioritic veins, 
«ontetimes ordinary mica, and sometimes specukr iron in 
^naitzose itacolumite. The diamonds of Gmmaiagoa are 
Unbedded in strata of solid eiliea, and are oecusionaUy 
enveloped in laminue of mica, like the garuete found in i 
slate. The diamonds that occur forthest to the noi'tl 
tluwe discovered in 1S20 at 58" lat-, on the European slope 
of tlie Uralian MomitAina, bear a geogaostic reladoD to the. 
bbck carboniferous dolomite of Ädoläskoig and to augitie 
ptuphyry. although more aociuutc obeervationa are required 
in ortier fully to elucidate this subject. 

AtaiaigBt the most rem^'kable phenomena of contact, we 
moBt, finally, enumerate the formation of garnets in argil- 
laceous schist in contact with basalt and dolciite, (as in 
Nraliiumberland and the Island of Anglesea), and iho occur- 



X ZÜe äe B^umaat. In Uis Annalns dra Sciauxa Naturellen, I 
Jb M2 ; UorduHOii, SilariaM Syiilem, p. 31^8. 
I Soae, Ifeite aath <imt Pratt bd. i. i. 3ij4 and $67. 
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rence of a vast number of beautiftil and most yariouB crystak, 
as garnets, vesuvian, augite, and ceylanite, on the surfiices d 
contact between the erupted and sedimentary rock, as ht 
instance, on the junction of the syenite of Monzon vnAi 
dolomite and compact limestone.* In the Island of Kte 
masses of serpentine, which perhaps nowhere more deai^ 
indicate the character of erupted rocks, have occasioned the Sub- 
limation of iron glance and red oxide of iron in fissures of cal- 
careous sandstone.f We still daily find the same iron glance 
formed by sublimation fix)m the vapours and the walls of the 
fissures of open veins on the margin of the crater, and in the 
fresh lava currents of the volcanoes of Stromboli, Vesuvius, 
and £tna4 The veins, that are thus formed beneath omr 
eyes by volcanic forces, where the contiguous rock has already 
attained a certain degree of solidification, show us how in ft 
similar manner mineral and metallic veins may have been 
everywhere formed in the more ancient periods of the woiM, 
where the solid but thinner crust of our planet, shaken ly 
earthquakes, and rent and fissured by the change of volume 
to which it was subjected in cooling, may have presented 
many communications with the interior, and many passages 
for the escape of vapours impregnated with earthy and 
metallic substances. The arrangement of the particles in 
layers parallel with the margins of the veins, the regular 
recurrence of analogous layers on the opposite sides of the 
veins, (on their different waUs), and, finally, the elongated 
cellular cavities in the middle, fi^quently s^ord direct evi- 
dence of the plutonic process of sublimation in metalliferous 
veins. As the traversing rocks must be of more recent 
oiigin than the traversed, we learn from the relations of 

* Leop. von Buch, Brirfe, s. 109-129. See also Elie de Beaumont, 
On (lie contact of Orcnite with tJie Beds qf Uie Jvra, in the M&m, gid., 
1 11. p. 408. 

+ Hoffman, Beisel s. 30 und 37. 

:j: On the chemical process in the formation of specular iron, see Qay- 
Lussac, in the Annalea de CInmief t xxii. p. 415, and Mitscherlich, in 
Poggend. Annalen, bd. xv. s. 630. Moreover, cxystals of olivine have 
been formed (probably by sublimation) in the cavities of the obsidian 
of Cerro del Jacal, which I brought from Mexico (Gustav Bose, in Pog- 
gend. AnncUen, bd. x. s. 323). Hence olivine occurs in basalt, lava, 
obsidian, artificial scoriae, in meteoric stones, in the syenite of Eifdale, 
and (as h^osiderite) in the Wacke of the KaiflerstuhL 



stvatificatioii existing between the porphyry nnd the argen- 
tiferous ores in the Saxon mines, (the richest and moat 
important in GeiTaany), that these formations are at any rate 
more recent than the vegetable i-emaius found ia carboaiierous 
strata and in the i-cd snndstone,* 

All the facts connected with our geological hypotheses on 
the formation of the earth's crust, and the metamorphism of 
rocks, have been uncspcctedly elucidated by the ingenious 
idea, which led to a compoiison of the slags or «coria; of our 
smelting furnaces, ivith nntiiral minerals, and to the attempt 
of reproducing the latter tram their elcmenfs.t In all these 
operations, the same affinities manifest themselves, ivhich 
determine chRmieal combinations both in our laboratories 
and in the interior of the eaith. The most considerable port 
of the simple minerals which chiu'acterise the more genoraUv 
difiiiscd plutonic and erupted rock?, as well as tliose on whica 
ihey have esercised a melajnoi-phic action, have been 
pi-oduced in a ciystalline state, and with perfect identity, in 
artificial mineral products. "Wc must, however, distinguish 
here between the scoriffi accidentally formed, and those which 
have been designedly pnaduced by chemists. To the foi-mer 
belong feldsjMU", mica, augite, olivine, hornblende, crystalhsed 
o\idc of ii'on, magnetic iron in octahedral ci-ystals, and 
metallic titanium; J; to the latter, garnets, idoci-ase, i-ubiea, 

* Coustantin von Beast, Ueber die Porphyrgriilde, 1835, b. SB-9B ; 
also hia Bdevdiluag der WenKradien Gangtlicorif, 1840, a. 6 ; and C. 
\on Wissenbüch, Abbildttngen merktniirdiger OaneverkäUniiisf, 1836, 
ßg, 12. The ribbon-like structure of the Tcins ia, however, no more 
to be reginled or general oectirrene« than the periodic order of tho 
difTcrent memberB of theae nmsEeB. 

+ Milachariich, fjebfr die L-Tinstliche Darsldlunii der Mineraben, in 
the Abliaiidl. der Akadiraiie der Wim. iu Berlin, 1832-3, a. 25-41. 

i la acoriie, crystals of fnldapar have lieea digcovered by Heine in iho 
refuse of furnace for copper fusing, nest Smigerhansea, and Bnnlysed 
by Kcralcn (Poggcnd. AimaUu, bd. aixili. s. 337) ; crjatala of »ugito 
inacoriie, nt Sable (Mitachcrlich in ihe Abkandl, der AiMd. at Berlin, 
1622-23, B. 40) ; of olivin by Seifström (Leonhard, BasaltrQehilde, bd. U. 
1. 4aß) ; of mica, In old sconce of Schloss Garpenbcrg (Mitscherlieh, in 
Leonbard, op. cil. a. fiOS) ; of magnetic iron, in the acorlie of CballUon 
mr Seine (I'Oonhard, b. 441); and of micacoooB iron, in potterV "- - 
(UitEcherlich, in Ijeonbard, op. ciL, %. 234). 

[See Ebelmer'a pnpeiB in Ann.de Chimieel de P!ij/iigve,läi7; . .__ 
S^ort on tte Cr^line Slag», hy John PeTC}-,H.D„ F.U.S., lod William 
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(equal in haidness io those fomid in ÜMt East), 
angite.* These minerals oonstitiite the main conafcitaenti of 
of granite, gneiss, and mica schist, of basalt, dolerite. Mi 
many porphyries. The artificial production of feldspar Mi 
mica is of most especial geognostic importance, vdth re fere ne i 
to the theory of the formatioii of gneiss by the metamogplnc 
agency of argiUaceons schist, which contains all the oonsti- 
tnents of granite, potash not excepted.! It would not be 
very surprising, thcarefore, as is well obserred by the disdn« 
gnished geognosist, von Dechen, if we were to meet with i 
firaement of gneiss formed on the walls of a smpltrng fioinaaei 
which was bmlt of argillaoeous slate and graywacke. 

After having taken this general view of the three classes fd 
erupted, sedimentary, and metamorphic roc^ of the earth's 
tnnist, it still remains for us to consider Üie fourth dass, com« 
prising con^lomeratesj or roche of detnhu. The very teifli 
recalls the destruction which the earth's crust has suffefdl^ 
and likewise, perhaps, reminds us of the process of cemoibu- 
tion, which has connected together, by means of oxide of mm^ 
or of some argillaceous and calcareous substances, the some* 
times rounded and sometimes angular portions of fragments. 

ä&QowB Miller, M. A., 1847. Dr. Percy, in a commiuiicaticm with whicli 
he has kindly faronred me, says, that the minerals which he has found 
artificially produced and proved by analysis, are htraiboldtilite, gehlen- 
ite, olivine, and magnetic oxide of iron, in octahedral crystals. He 
Suggests that the circumstance of the production of gehlenüe at a high 
temperature, in an iron furnace, may possibly be made available by 
geologists in explaining the formation of the rocks in which the natuni 
mineral occurs, as in Eassathal in the Tyrol.] — Tr, 

* Of minerals purposely produced, we may mention idoenuse and 
garnet (Mitscherlich, in Poggend. Antuden der Pkpsik, bd. zxxii 
8. 340) ; ruby (Gaudtn, in the Oonyiitea vendue de FAcadSmie de Sdemce, 
t. iv. pt. i. p. 999) ; olivine and augite (Mitscherlich and Berthier, m 
the AnncUes de Ohimie et de Physique, t. xxiv. p. 876). Kotwith- 
standing the greatest possible similarity in crystalline form, and perfect 
identity in chemical composition, existing, according to Gustav Bose, 
between augite and hornblende, hornblende has never been found 
accompanying augite in scorise, nor have chemists ever «ucceeded in 
artificially producing either hoomblende or feldepar (Mitscberlich in 
Poggend. AnTialen, bd. zxxiiL a. S40, and Rose, Meise nach dem üraJU 
bd. iL s. 858 und 368). See also Beudant in the Mem. de VAcad, dei 
Sciences, t. viii. p. 221, and Becquerel's ingenious experiments in Ms 
S^üS de VEUOriäU, t. i. p. 834, t. üi. p. 218, and t. v. pp. 148 and 18|S. 
j t D'AubniaBon, in^e Journai de Phynqike, t Ixviii. p. 12& 



Conglomerates and rocks of detritus, irhen oonsidered in the 
■widest sense of the term, manifest characters of a douUe 
origin. The Bubstanees which enter into their mechanical 
composition have not been alone nccumulated by the action 
of me waves of the sea, or currents of fresh water, for there 
are BOme of these rocks the formation of which cannot be 
attributed to the action of water. " When basaltic ialandß 
and traohylic rocks rise on fissures, friction of the elevated 
rock against the walls of the fissures causes the elerated rook 
to be inclosed by eonglomerates composed of its own matter. 
"Hie granules composing the sandstones of many formations 
have been separated, rather by friction against the erupted 
volcanic or plutoaic rock, than destroyed by the erosive fore« 
of a, neighbouring tea. The exiBtenoe of these friction co>t~ 
ffhmerates, which are met with in enormous masses in both 
hemispheres, testifies the intensity of the force with which the 
ernpted rocks have been propelled from the interior through 
the eiffth's crust. This detritus has subsequently been taken 
up by the waters, which have then deposited it in the strata 
which it still covers."* Sandstone formations are found im- 
bedded in all strata, from the lowtr silurian transition stone 
to the beds of the tertiary formations, superposed on Üie chalk. 
They are found on the margin of the boundless plains of the 
new continent, both within and -without the tropics, extend- 
ing like breastworks along the ajicient shore, against which 
the sea once broke in foaming waves. 

If we cast a glance on the geographical distribution of 
rocks, and their relations in space, in that portion of the earth's 
crust which is accessible to us, wo shall find that the most 
universally distributed chemical substance is silicic acid,, 
generally in a variously coloured and opaque form. Next to 
solid silicic acid, we must reckon carbonate of lime, and then 
the combinations of silicic aoid with alumina, potash, and 
■oda, with lime, magnesia, and oxide of iron. 

The substances wldch we designate as rocA« are determi- 
nate associations of a small number of minerals, in which 
some combine parasitically, as it were, with others, but only 

• Leop. Ton Buch, Qeognost. Briefe, s. 75-S2, where it Is also shown 
■why the new red aaodstone (the ToddUgende of the Thnringiao FlÖt» 
foFrontion), and the coal mesaarea, muBt be regarded as produced b; 
omptod poipbjiy. 
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under definite relations; thus, for instance, nlthough qnarta 
(silica), feldspar, nnd mien, nrc the principal constituents 
of giiuiite, these minerals also occur, either individually 
oi collectively, in many other fomiationB, By way of illu». 
tmting how the quantitalJve relations of one feldspaHiie 
IBck differ from anotLer, richer in mica than the foiiner, I 
would mention that, aceording to Mitscherlich, three times 
more alumina and one-third more silica than that pos- 
sessed by feldspar, give the constituents thut enter into the 
composition of mien. Potash is contained in both, — a 
substance whose existence, in many kinds of rocks, is pro- 
bably antecedent to the dawn of vegetation on the earth's 
Burfilcc. 

The order of succession, and the relative age of the different 
formations, may be retognized by the superposition of the 
sedimentary, metamorphic, and conglomerate strata; by the 
nature of the fonnntioua traversed by the erupted masses, and 
— with the greatest certainty — by the presence of organic re- 
mains and the differences of their structure. The application of 
botanical and zoological evidence to determine the relative age 
of rocks — this chronometry of the earth's surface which waa 
already present to the lofty mind of Hooke — indicates one of 
the most glorious epochs of modem geognosy, which has 
finally, on the Continent nt least, been emancipated fi-om the 
sway of Semitic docti-ines. PalEcontological investigations 
have imparted a viviiying breath of grace and diversity to the 
science of the solid structure of the earth. 

The fossilifcrous strata coritain, entombed within them, the 
£oras and faunas of bygone ages. We ascend the stream of 
time, OS in our study of the relations of super-position we 
descend deeper and deeper through the different strata, in 
which lies revealed before ua a past world of animal and vege- 
table life. Far-extending distm-bances, the elevation of great 
mountain chains, whose relative ages we are able to define, 
attest the destruction of ancient, and the manifestation of 
recent organisms. A few of these older structures have 
remained in the midst of more i-econt species. Owing to the 
limited nature of our knowledge of esistence, and from the 
figurative terms by which we seek to hide our ignomnce, we 
apply the appellation recent structure to the historical pheno- 
mena of transition manifested in the oi^nisms, as well ns in 
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tte forms of primitive seaB, and of elevated lands. In some 
cases these organised structurea have been preserved perfect 
in the minutest details of tissues, integmacnt, and articu- 
lated parts, Trhilst, in others, the animal passing over soft 
argillaceous mud, haa left nothing but the traces of its 
course,* or the remains of its undigested food, ae in the 
coprolites-t In the lower Jura formations (the hoB of Lyme 
Eegis), the ink bag of the sepia has been so wonderfully pre- 
served, that the materia!, which myriads of years ago might 
have served the animal to conceal itself from its enemies, still 



" [In certain locBlitica of the new red sandstone, in the valley of the 
Connecticut, numaroua tridactjl markingB have been occaaiooally 
observed on the aurfuce of the slabs of Et'me when split ssandcr, in like 
manner »s the ripple-marbi uppear on the eucceBeiTo layers of sandstane 
in Tilgate Foreat Some remarkably distinct impressionB of this kind, 
at Turner's F^b (MasBachaaetts) happening to attnct the attention of 
Dr. James Deane, of Greenfield, that sagacious observer vas struck wiUi 
Uieir reaemblauce to the foat^marks le^ on the mud-bonks of the «IJB- 
ceiit river by the aquatic birds which had recently frequented the spot. 
"Iht Hpecimena collected were submilted to Professor Q. Hitchcock, who 
followed up the inquiry with a zeal and success that have led to the 
most interesting results. No reasonable doubt now exieta that the 
imprints in question have been produced by the tracks of bipcda 
improBsed on the stone when in a soft atate. The announcement of thla 
extisordinacy phenomenon was first made by Professor Hitchcock, in 
tie American Journal of Sdenee, (January, 1838,) and that eminent 
geologist has since publi^od full dcacriptions of the difibrcnt species of 
imprint« which he has detected, in his splendid work on the geology of 
Massachusetts.— Man tell 'a Medals 0/ CreaJion, vol. ii. p. BIO. In ths 
work of Dr. Hontell above referred to, there is, in vol. ii. p. 81G, an 
admirable diagram of a slab from Turner's Falls, covered with numemua 
foot-marks of birds, indicating the tmck of lea or twelve tadividnals 
of different Bines.]— Tr. 

+ [From the ciaminatioa of the fomJs spoken of by geologists under 
the name of CoprMtes, it is easy to determine the nature of the food of 
tlie animals, and Bome other points ; and when, ae happened occasionally, 
tho auimal was killed while the process of digestion was going on, the 
E(4imach and inteatines being partly filled with half.digested food, and 
eiiibiting the eoprolitea actually 1» ailu, we can make out with car- 
lain^, not only the tme nature of the food, but the proportionate Bise 
of the stomach, and the length and nature of the intestinal cMlaL 
Within the cavity of the rib of au extinct animal, the palieontologiat 
tliua finds recorded, in indelible characCcis, some of those hierogtypbl« 
npon which he founds hia history. — The Anciwi World, by D. T, 
united, laiT, p. 173.]— fr. 
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yields the colour with which its image may be drawn.* la 
other, strata again, nothing remains but the £unt impreBsiaa of 
& muscle-shelU but even this, it* it belong to a main divisioa of 
moUusca^t may serve to show the travdOier, in some HinäaMit 
land, the nature of the rock in which it is found, and the 
arganic remains with which it is associated. Its diaooveiy 
gives the history of the country in which it occurs. 

The analytic study of primitive animal and vegetable life 
has taken a double direction; the one is purely morphological^ 
and embraces, especially, the natural history and physio- 
logy of organisms, filling up the chasms in the series of stiU 
living species by the fossü structures of the primitive world. 
The second is more specially geognostic, considering fossil 
remains in their relations to the superposition and rdative 
age of the sedimentary formations. The former has kng 
predominated over the latter, and an imperfect and superfieiiu 
comparison of fossil remains with existing species has led 
to errors, which may still be traced in the extraordinary 
names applied to certain natural bodies. It was sought to 
identify all fossil species with those still extant in the sane 
manner as, in the sixteenth century, men were led by fiJse 
analogies to compare the animals of the New Continent with 

* A discovery made by Miss Mary Anniog, who "was likewise the 
discoverer of the coprolites of fish. These coprolites, and the excre* 
meats of the ichthyosauri, have been found in such abundance in England 
{m for instance near Lyme Regis), that, according to Buckland's ex- 
pression, they lie like potatoes scattered in the ground. See Buck- 
land, Oeohgy considered with reference to NcUural Theology, vol. L 
pp. 188-202 and 305. With respect to the hope expressed by Hooke 
" to raise a chronology" from the mere study of broken and fossilized 
shells "and to state the interval of time wherein such or such catastrophes 
and mutations have happened," see his Poalkvmoua Works, Lecture, 
Feb. 29, 1688. 

[Still more wonderful is the preservation of the Bubstance of the 
Mmnal of certain cephalopods in the Oxford clay. In some specimens 
recently obtained, and described by Professor Owen, not only tiie ink- 
bag, but the muscular mantle, the head, and its crown of arms, are all 
preserved in connection with the belemnite shell, while one specimem 
eKhibits the large eyes and the funnel of the animal, and the remains of 
two fins, in addition to the shell and the ink-bag. See Anated's Ancient 
World, p. U7.]—Tr. 

t. Le^p. von Buch, in the AbJumdlungeH der Abad, der Wist, ai^ 
Berlin in dem J, 1837, s. 64. , 
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tbose of the old. Peter Camper, Sommering, and Blumen- 
bfich, had the merit of being the first, by tlie Bcientifi'! appU- 
cation of a more aeeurate comparative anatomy, to throw 
light on the osteolt^cal branch of palrcontologj- — the archie. 
owigy of organic life; but the actual geognostic views of 
the doctrine of fossil remains, the feheitons combination of 
the zoological character with tlie order of succession, and the 
relative ages of Btrata, ai« due to the labours of George 
Cuvier, and Alesander Brongniart. 

The ancient aedtmentary formations, and those of transition 
rocks, exhibit, in the organic remains contained within them, 
a mixture of structures very variously situated on the scale of 
progressively developed organisms. These strata contain but 
few plants, as. for instance, some species of Fnci, LycopodiacesB 
which were probably arborescent, Equisetaceoa, and tropical 
ferns; they present, however, a singular association of asimül 
forms, consisting of Crustacea (TVilotntea with reticulated 
eyes, and Calymenc), Brachiopoda {Spirifer, Orlhis), elegant 
^hsronites, nearly allied to the Crinoidea,* Orthoceratites, 
ol' the family of tfie Cephalopoda, corals, and blended with 
these low oi^nisms, fishes of the most singular forms, 
imbedded in the nj^er silurian furmations. The femily of 
the Cephalaspides, whose fragments of the species Pterichtt/s 
were long held to be Trilobites, belraigs exclusively to the 
Devonian period, (the Old Red) ; manifesting, according to 
Agasalz, as pecnliar a type amongst fishes as do the Ichthyo- 
sauri and Pleaiosauri amongst reptiles, f The Goniatites. of 
the tribe of Ammonites,!: are manit'eated in the transition 
chalk, in the greywaeke of the devonian periods, and even in 
the latest Silurian formations. 

The dependence of physiological gradation upon the age of 
the formations, which has not hitherto been shown with per- 
fect certain^ in the ease of iQ¥ertebrata,g is moat regularly 

* Leop. Ton Buch, OebirgtformiUwten von SaetUaid, IS JO, s. 21-10. 

■)■ Ag:taaiz, Mow/grapkit des Poimnis foasilea du vieux Oris Jtouge, 
p. tL and 1. 

T Leop. Ton Buch, in tha AhAandl der EerL Aiad., 1838, a. US- 
US; Beyrich, Stitr. sur JCenntnUi des ÄAeinücicn tTeierjimsss* 
birget, 1S3T, b. 45. 

%' Kgaa^z, Reclterchea eur leu PoUeoTu fottiUt, i. i iairad. g. XTÜL 
Diivj, Cimakation in Travel, dial. üL 



376 008X08. 

manifested in Tertebrated animals. Hie most ancient of 
these, 08 we have already seen, are fishes; next in the order 
of succession of fimnation, passing firom the lower to the 
upper, come reptiles and mammalia. The first reptile (t 
Saurian, the Monitor of CavierV endlich excited the attention 
of Leibnitz,* is found in cupenferous schist of the ZechsteiA 
of Thuringia; the Palsosaurus and Theoodontosaums of Bris- 
tol are, according to Murchison, of the same age. The 
Saurians are found in large numbers in the mu8cheUcaIk,f in 
the keuper, and in the oolitic formations, where they are 
the most numerous. At the period of these fonnmcm 
there existed Flesiosauri, haring long swan-like necks con* 
sisting of thirty vertebr» ; Megalosauri, monsters resembling 
the crocodile, forty-five feet in length, and having feet 
whose bones were like those of terrertrial mammalia, eight 
species of large-eyed Ichthyosauri, the Qeosaums or Laeerta 
giganUa of Sommering, and finally, seven remarkable species 
of Pterodactyles,^ or Saurians furnished with membranous 
winffs. In tne chalk the number of the crocodilial Saurians 
dimmishes, although this epoch is characterised by the so- 
called Crocodile of Blaestricht, (the Mososaurus of Conybeare), 
and the colossal, probably graminivorous Iguanodon. Cuvier 
has found animals belonging to the existing families of the 
crocodile in the tertiary formation, and Scheuchzer*s antedi- 
luvian man {homo diluvii testis), a large salamander allied 
to the Axolotl, which I brought with me from the large 

* A ProtoBaunu, according to Hermann von Meyer. The rib of a 
Sanrian asserted to have been found in the mountain limestone (car- 
bonate of lime) of Northumberland (Herm. von Meyer, Paloedogica, 
8. 299), is regarded by Lyell (Otology , 1832, vol. L p. 148) as very 
donbtfoL The discoTerer himself referred it to the allavial strata which 
cover the mountain limestone. 

t F. Ton Alberti, Monographie des Bunten Sandsteins, MiischeliaUss 
vnd Reapers, 1834, s. 119 und 314. 

X See Hermann von Meyer's ingenious considerations regarding the 
Organisation of the flying Saurians, in his Palaiologicaf s. 228-252. In 
the fossil specimen of the Pterodactylus crassirofitrisy which, as well as the 
longer known P. longirostris (Omithocephalus of Sommering), was 
found at Solenhofen, in the lithographic slate of the upper Jura forma» 
tion, Professor Qoldfuas has even discoveiied traces of the membranom 
wing, *' with the impreasiona of curling tofts of hair, in some places s 
fill! inch m lengtii*'' 
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Mexican lalies, belongs to the most recent frest-wnter forma- 
tions of Q^.ningen,* 

The detennmation of the relative ages of nrgnnisma by 
the superpoBJtioii of the strata has led to important resulto 
regarding the relations which have been discovered between 
extinct fkmilieB and Hpeciea, (the latter being but few in 
number) and those which still exist. Ancient and modern ob- 
servations concur in showing that tbe fossil floras and faunas 
differ more from the present vegetable and animal forms in 
proportion as tiey belong to lower, that is, more ancient 
sedimentary formations. The numerical relatione first deduced 
by Cuvier from the great pheonomena of the metamorphiam 
of organic life,! have led, through the admirable labours of 
Deshaycs and Lyell, to the moat marked results, especially 
with reference to the different groups of the tertiary forma- 
tions, which contain a considerable number of accurately 
investigated structures. Agasaiz, who has examined 1700 
Bpccies of fossil fishes, and who estimates the number of 
living species which have either been described or are pre- 
served in museums, as 8000, expressly says, in his masterly 
work, that " with the esception of a few small fossil fishes 
peculiar to the argillaceous gcodcs of Greenland, he has not 
found any animal of this cla.^, in all the transition, secondary 
or tertiary formations, which is specifically identical with any 
Btill extimt fish." He subjoins the important observation 
" that in the lower tertiary formations, for instance, in the 
coarse granular calcareous beds, and in the London clay. J one- 
third of the fossil fishes belong to wholly extinct femiiies. 
Not a single species of a still extant famuy is to be found under 
the chalk; whilst the remarkable family of the Sauroidi 
(fishes with enamelled scales), almost allied to reptiles, and 
which are found from the coal beds — in which the larger 
species lie — to the chalk, where they occur individually, bear 
the same relation to the two families, (the Lepidostcua and 
Polypterus,) which inhabit the American rivers and the Nile, 

■ [Ansled's Ancient World, p. 68.]— ^r. 

+ CuTier, Reckerchea sur hi Oaaemena fostiUe, t. i. pp. 62-67. 9» 
also the geological scale of epuohfl in Phiilipa" Qeology, 1837, pp. 164- 
185. 

; S« Wcndtrt nf Oeoiogy, vol. d. 230 '— 2V 
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as our present elephants and tapirs do to the Mastodon adl 
Anaplotheriun of the primitive world/'* 

The beds of chalk which contain two of these sauroid &Ae& 
and gigantic reptiles, and a wlude extinct world of eofals and 
muscles, haye been proved by Ehrenberg's beautiful discove- 
ries to consist of microscopic Polythalamia, many of which 
still exist in our seas, and in the middle kdtudes of the Nortit 
Sea and Baltic. The first group of tertiary formatioDS abovs 
the chalk, which has been des^ated as bdongi&g to ti» 
Eocene Period^ does not, therefore, merit that designatioiii 
$ince '^ the €hwn rfthe world in which we live extends mndi 
further back in the history of the past than we have hithert» 
iupposed.'*t 

As we have already seen, fishes, which are the moat aneMDft 
of all vertebrata, are found in the Silurian tranaitioQ strata, and 
then uninterruptedly on through all {ormaJdaos to tbe strata 
of the tertiary period; whikt Saurians begin vrith the leeh* 
atone. In like manner we find the first mammalia (21Ky^ 
cotherium prevostn, and T. htneJdandn^ which are neariy aiMed, 
according to Valenciennes,! with marsupial aninmls,) in Üie 
oolitic formations (Stonesfield-schist), and the first birds in the 
most ancient cretaceous strata. § Such are, according to the 
present state of our knowledge, the lowest || limits of fi^es» 
saurians, mammalia, and birds. 

Although corals and serpulid» occur in the most ancimit 
formations simultaneously with highly devek)ped Cephalo^ 
pedes and Orustaceana, thus exhibiting the most various <»*der8 
grouped together, we yet discover very determinate laws in 
the case of many individual group? of one and the same orders. 

* Agassis^ Poiasons fossiles, i i. p. SO, aad t. iii. p^ 1-52 ; Bueklaad^ 
Cfeology, vol. i. pp. 273-277. 

+ Ehrenberg, Ueber noch jetzt lebende Thierarten der Kreidebü- 
dimg, in the Abhandl. der Berliner Akad., 1889, s. 164. 

J Valenciennes, in the Comptes rendus de rAcad^fmie des Seienöes, 
4. vii , 1838, pt. 2, p. 680. 

§ In the Weald-clay; Beudant, Giologie,^. 173. The omitholites 
increase in number in the gj-psum of the tertiary formations Cnvier, 
Ossements fossiles, t. ii. p. 302-328. 

II [Recent collections from the southern hemisphere, show that this 
distribution was not so universal during the earlier epochs, as has gfene- 
rally been supposed. See Papers by Darwin, Sharpe, Morris, and 
McCoy, in the OeologiccU Joum<il.}^-Tr, 
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-A. Bingle species of fosBtl, as Oaniatites, Trilobites, or tivm- 
mulitL'S, Boraetimes constitutes wLole laountains. Where dif- 
ierent femilies arc blended together, a determinate successioa 
of organisms has not only been oliserved with reference to ü» 
superposition of the formations, but the association of certain 
&TaiIies and species has also heen noticed in the lower strata 
o£ the same formation. By his acute discovery of tlie Bixange' 
inent of the lobes of their chamber- sutures, Leopold von Bmik 
liaa been enabled to divide the imiumerable quantity of Am- 
monites into well characterised, ßuniliea, and to show that 
Ceratites appertain to the muschelkalk, Arietes to the lias, and 
-OoniatiteB to transition limestone and greywacke.''^ The lower 
limits of Belemnites are, in the keuper, covered by Jura lime- 
stone, and their upper limits in the chalk formations.'!' ^ 
appears, from what wc now know of this subject, that the 
waterB must have been inhabited at the same epoch, and in. 
the most widely remote districts of the worid, by shell-fish, 
which were, at any rate, in part, identical witti the foaäl 
remains ibund in England. Leopold von Buch has discovered 
exogyni and trigonia in the southern hemisphere (volcano of 
Maypo in Chili), and d'Orbigay has described Ammonites 
and Gryphites firom the f limalaya and the Indian plains of 
Cut«h; these remains being identical with those found in the 
old Jurassic sea of Germany and France. 

The strata which are distinguiahed by definite kinifc of petrl- 
&ctioDS, or by the fra^cnts contained within them, form a 
geognoatic hwiHra, by which the pn^uirer may guide his steps, 
and arrive at certain conclusions regarding the identity or 
relative age of the formations, the periodic recurrence of cer- 
tfiin strata, their parallehsoi or their total suppression. If 
we classify the type «f the seclimentary stmctures in tlic 
Btmplest mode of generalization, we arrive at the following 
Beries in proceeding from below upwards. 

1. The eo-caHed trantilion r ai:ks, ia the two divisions of 
upper and lower greywacke (»huian and devonian systems), 
the lattür being formerly dcsignajAl as old red sandstone. 

2. The ImcfT Irias.'l eoraprising moimtaiu limestone, coal' 
• Leop. von Bn«h, ia the Ablumdl. der Serl. Akatf., 1330, a. I3E- 
t Qneiwtedt, FUligtbirge ffartem6«rp», 18*8, 8. ISS. 
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measures, together with the lower new red sandstone (Todt- 
liegende and Zechstein).* 

3. The upper trias^ includi^ variegated sandstone,* mns- 
chelkalk, and keuper. 

4. Jura limestone (lias and oolite). 

5. Green sandstone, the quader sanstein, upper and lower 
ohalk, terminating the secondary formations, which begin with 
limestone. 

6. Tertiary formations in three divisions, distinguished as 
granular limestone, the lignites, and the sub-apennine gravel 
of Italy. 

Then follow, in the alluvial beds, the colossal bones of the 
mammalia of t^e primitive world, as the Mastodon, Dinothe- 
rium, Missurium, and the Megatherides, amongst which is 
Owen's sloth-like Mylodon, eleven feet in length.f Besides 
these extinct fimiilies we find the fossil remains of still ^Ltant 
animals, as the elephant, rhinoceros, ox, horse, and stag. 
The field near Bogota, called the Campo de Gigantes, whidi 
is filled with the bones of Mastodons, and in which I caused 
excavations to be made, lies 8740 feet above the level 
of the sea, whilst the osseous remains, found in the elevated 
plateaux of Mexico, belong to true elephants of extinct 
species4 The projecting spurs of the HinuJaya, the Sewalik 

* Murchison makes two divisions of the bunter sandstone, the upper 
behig the same as the trios of Albert! ; whilst of the lower diyision, to 
which the Vosges sandstone of Elie de Beaumont belongs— the zechstein 
and the todUiegende — he fonns his Permian system. He makes the 
secondary formations commence with the upper tria^, that is to say, 
with the upper division of our (German) bunter sandstone ; while the 
Permian system, the carboniferous or mountain limestone, and the 
Devonian and Silurian strata constitute his paicBozoic formations. 
According to these views, the chalk and Jura constitute the upper, and 
the keuper, the muschelkalk, and the bunter sandstone the lower 
secondary formations : whilst the Permian system and the carboniferous 
limestone are the upper, and the Devonian and Silurian strata are the 
lower palaeozoic formation. The fundamental principles of this general 
classification are developed in the great work in which this inde&tigable 
British geologist purposes to describe the geology of a huge part (^ 
Eastern Europe. 

+ [See Mantell's Wonders of Oeology, vol. i. p. 168.] — Tr, 
^ X Cnvier, Ossemens fossiles, 1821, t. i. pp. 157, 261, and 264 ; see also 
fiumboldt, Ueher die Hochebene von Boffota, in the Ihutsdien Vier* 
tefiahrs-schrift, 1839« bd. i 8. 117. 
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hilla which have been so zealously mvestigated by Cap- 
tain Cautley* and Dr. Falconer, and the Corderillflfi, whose 
elcTationB are, probably, of very different epocha. contaia 
besides numerous Mastodons, the Sivathcrium, and the gisantio 
land tortoise of the primitive world (Colossochelt/s), which is 
twelve feet in length, and six in height, and several extant 
Üunilies, as elephants, rhinoeeroses, and giraffes; and it is 
a. remarkable fitct, that these remains are found in a zone 
which still enjoys the same tropical climate, which must bo 
supposed to have prevailed at the period of the Mastodons.f 

Having thus passed in review both the inorganic forma- 
tions of the earth's crust and the animal remains which 
are contained within it, another branch of the history of 
(U^nic life still remains fur our consideration, viz., the epoch of 
vegetation, and the successive floras that have occurred 
simultaneously with the increasing extent of the dry land and 
the modifications of the atmosphere. The oldest transition 
strata, as we have already observed, contain merely cellular 
marine plants, and it is only in the devonian system that a few 
cryptogamie forms of vascular plants {Calamites and Lyco- 
potliaceaj), have been observed.^ Nothing appears to corro- 
borate the theoretical news that have been started rcgardiug 
the simplicity of primitive forms of organic life, or that 
vegetable preceded animal life, and that the former was neces- 
aanly dependent upon the latter- The existence of races of 
men inhabiting the icy regions of the North Polar lands, and 
whose nutriment is solely derived from fish and cetaceans, 
shows the possibility of maintaining life independently of 
Tegetable substances. Ail^r the devonian system and the moun- 
tain limestone, we come to a formation, the botanical analysis 

* [ThefosBil buna of the ScTslih rs.ngeof hilli, skirting the bou thorn 
baee of the Himalaya, bas proved more atumdant in genera and apeciss 
or mam mal ia than that of auf other region jet explored. Aa a geneial 
eipreeaitm of 11» leading featuree, it may be staüd, that it appearu to 
hare been compoaed of representiitiTe forms of a!l age«, from the oldat 
cflJi* tertiary period down to lie modem; and of äi Ike, ffeograpliical 
diriiuDna of the Old Conlhicnt grouped together into one comprcheuaive 
fauna. Fauna Anliqtia Simdienne, by Hugh Falconer, M.D., and 
llnjor P. T. Cautlej-.]— TV. 

t Journal qf die Aniatie Soeielg, i&ii. No. IB, p. 108. 

t Bejileli, in Kawten's Archiv Mr Minertdogie, Uli, bd. iviiL 
s.2ie. 
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of which has made sach fariüiant advances in modem tiiaai.* 
The coal measures contain not only fem^like crjptogaBue 
plants and phanerogamic monocotyledons (graaaea, yuooiJib 
üliaceo), and palms), but also gymnospermic dicotoledcms (ooii' 
fierce and cycadee), amounting in all to nearly 400 species, a 
characteristic of the coal formations. Of these we will <nh 
enumerate arborescent calamites and lycopodiacese, scaly 1^ 
dodendra, sigiUarisB, which attain a height of sixty feet, uid aie 
sometimes found standing upright, being distiiiguiBhed hjrt 
double system of Tascular bundles, cactus-like stigmaniB, i 
great number of ferns, in some cases the stems, and in othen 
the fronds alone being found, indicating by their abandinoB 
the insular form of the dry land^f cycade8B4 especially palai, 
although fewer in number,§ asteropäiyllites, having whoai-fib 
«eaTcs, and allied to the naiades, with araucaria-like conifieiaj 
which exhibit £unt traces of annual rings. This difEensB 
of character from our present vegetation, manifested in 4e 
vegetative forms which were so luxuriously developed on fl« 
drier and more elevated portions of the old red sandstoBB, 
was maintained through all the subsequent epochs to ti» 
most recent chalk formations ; amidst the peculiar charaoter- 
istics 'exhibited in the v^etable forms contained in the eoil 
measures, there is. however, a strikingly marked prevalence 

* By the important labours of Count Sternberg, Adolphe BnmgiM, 
Göppert, and Lindley. 

t See Hubert Brown's Botany oj Congo, p. 42, and the Memoir flf 
the unfortunate D'Urville, De la distribution des Foug^ea aur la wt- 
face du Globe Terrestre, 

t Such are the cycaden discovered by Count Stenaberg in the old ctf- 
boniferous formation at Radnitz in Bohemia, and deacribed by Coi^ 
(two species of cycatides and zamites Cordai ; see Gröppert, Fossile Cyot 
deen in den Arbeite» der SdUes, Oesellschaß, ßir valerL Cukw t» 
J. 1843, B. 33, 37, 40, and 50). A cycadea (Pterophyllom gonorrhÄ^ 
Göpp.) has also been fomid in the carbontforoas fonnatioiia in üppff 
Silesia, at KönigshUtte. 

§ Lindley, FossU Flora, No. xv. p. 168. 

II Fossil ConifercB, in Buckland's Geology, pp. 483-490. Witham te 
the great merit of having first recognised the existence of oonif^tfb 
the early vegetation of l^e old carboniferous formation ; almost all tb 
trunks of trees found in this formation were previonsly regaided tf 
palms. The species of the genus AroMcaria are, however, not p&Bt 
liar to the ooal formations of the British ialands ; they likewiao oocor ii 
Upper Silesia. 
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of the Rame ikmilies, if not of the same species* in. all ptirtB of 
the earth as it then existed, as in New Holland, Canada, 
Greenland, and Melville Islnnd. 

The vegetation of the primitive period eshihits forma, ■which 
from their aimnltaneoiis affinity with aeveral fiunilies of l3ie 
present world, testüy that many intermediate linlts must hftTB 
become extinct ia the scale of organic development. Thug, 
ft* example, to mention only two instances, we would notice 
tbe lepidodendra. which, according to Lindley, oeeupy a place 
between the comferoe and the lycopodiacem,i- aad the amuca- 
■wüe and pines, which exhibit some pecu liaritieain the union of 
-äieir vascular bundles. Even if we limit our consideration to 
-^e iH'efient worid alone, we must regard as highly importalit, 
"tiie discovery of cycadeffl and cofiiferaj side by side with 
BagenoriEC and lepidadendra in the ancient coal measures. 
The conifene are not only allied to eupnlifene and betulinffi 
with which we find tbem associated m lignite formations, 
but also with lycopodiaceai. The family of the sngo-like cyca- 
dem approaches most nearly to palms in its external appear- 
«ace, whilst these plants are specially allied to eoniferaj in 
respect to the structure of their blossoms and seed.J Where 
many beds of cool are superposed over one another, the fami- 
lies and species are not always blended, beii^ most frequently 
grouped togetlier in separate genera; lycopodiaceie and cer- 
tain ferns being alone found in one bed, and etigmariEe and 
Bjgfllariffl in another. In order to give some idea of the 
luxuriance of the vegetation of the primitive world, and of 
lie immense masses of vegelaMe matter which was doubtless- 
lessly accumulated in currents and converted in a moist con. 
dition into coal.§ I would instance the Saajbriickcr coal 

• Adolpha Brongniart, Proärome dvne Bid. des FSgÜcaa: fi'esilcs, 
■p. ITS ; Buckloud, Geology, p. 4T9 ; Endlicher uid Unger, Grtaidsiae 
der Botcmik, \&iS, s. iSG. 

t " B; means of Lejudndendron, K better pwmge is wtabliahcd from 
flowering to floworleBe plaats, than by either ^Equiwtum or Cjcbs, or any 
other known genus," — Lindle; tad Button, Foini Flora, vol. ii- p. S9. 

X Eunth, Änordniaig der Pßa»tsie>[fa>nüiai in his Ha«db. der 
JBoiaait, e. 307 und 314. 

S That ooal has not been fonaed &om vegetahle filires ehured by 
Sn, hut that it has more probably been produced in the moist way l^ 
Ute utian of sulphuric acid, is atrikinglj demonttrMed by the caiwlteat 
öbsertatinn made by Göppert (Karsten, Archiv für MittenUoffie, 
" ""■' ~ -' ■ n of a fragment of ambeT-MiiRi 'aöß 
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measures, where 120 beds are superposed on one anotlier, 
exclusive of a great many which are less than a foot in thid[- 
ness ; the coal beds at Johnstone, in Scotland, and those in the 
Creuzot, in Burgundy, are some of them, respectively, thir^ 
and fifty feet in thickness,* whilst in the forests of our tempe- 
rate zones the carbon contained in the trees, growing over a 
certain area, would hardly suffice, in the space of a hundred 
years, to cover it with more than a stratum of seven French 
Hues in thickness.f Near the mouth of the Mississippi, and 
in the '' wood hills" of the Siberian Polar Sea, described bj 
Admiral Wrangel, the vast number of trunks of trees acca- 
midated by river and sea-water currents, affords a strikiag 
instance of the enormous quantities of drift wood which must 
have favoured the formation of carboniferous depositions in 
the inland waters and insular bays. There can be no doubt 
that these beds owe a considerable portion of the substances 
of which they consist to grasses, small branching shrubs, and 
cryptogamic plants. 

The association of palms and coniferse which we have indi« 
cated as being characteristic of the coal formations, is dis- 
coverable throughout almost all formations to the tertiaiy 

black coal. The coal and the unaltered amber lay side by side. Begard- 
ing the part which the lower forms of vegetation may have had in the 
formation of coal-beds, see Link, in the AbhandL der Berliner Akade- 
snie der Wiasenachaften, 1S38, s. 38. 

* [The actual total tMckneas of the different beds in England yaries 
«onsidcrably in different districts, but appears to amount in the Lanci> 
flhire coal-field to as much as 150 feet — Axis^^^fi Ancient World, p. 78. 
For an enumeration of the thickness of coal measures in America and 
the Old Continent, see Muitell's Wonders of Geology, vol. ii. p. 69.}— 
Tr, 

t See the accurate labours of Chevandier, in the Comptes rendus de 
rAcadSmie des Sciences, 1844, t. xviii. pt. i. p. 285. In comparing this 
bed of carbon, seven lines in thickness, with beds of coal, we must not 
omit to consider the enormous ipressure to which the latter have beea 
subjected from superimposed rock, and which manifests itself in the 
flattened form of the stems of the trees found in these subterraneaa 
regions. " The so-called loood-hiUs discovered in 1806 by Sirowatskoi, 
on the south coast of the Idand of New Siberia, consist, according to 
fiedenström, of horizontal strata of sandstone, alternating with bitu- 
minous trunks of trees, forming a mound thirty &thoms in height; at 
the summit the stems were in a vertical positioa. The bed of drift* 
^ood is visible at five worsts distance." See Wrangel, Reise längs det 
IfordküsU von Siberien in den Jahren 1820-24;. th. L s. 102. 
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period. In the present condition of the world these genera 
appear to exhibit no tendency whatever to occur asaoeiated 
together. We have so aecustomed ourselves, although erro- 
neously, to regard coniierte as a northern form, that I experi- 
enced a feeling of surprise when, in ascending from the shores 
of the South Pacific towards Chilpansingo and the elevated 
Talleya of Mexico, between the Venia de la Moxonera and the 
Alio de Ins Caxoncs, 4000 feet above the le\-el of the sea, I rode a 
whole day through a dense wood of pinus oecidentalis, where 
I observed that these trees which are so similar to tie Wey- 
mouth pine, were associated with fen palms* {Corypka dulcis), 
swarming with brightly-coloured parrots. South America 
has oaks, but not a single species of pine; ttitd the first time 
that I again saw the familiar form of a fir tree it was thus 
associated with the strange appearance of the fen-palm.f 
Christopher Columbus, in his first voyage of discovery, saw 
conifene and palms growing together on the north-eastern 
extremity of the island of Cuba, likewise within the tropics, 
and searcely above the level of the sea. This acute 
observer, whom nothing escaped, mentions the fkct in his 
journal as aremarkable circumstance, and his friend Anghiera, 
the seeretary of Ferdinand the Catholic, remarks with asto- 
niahment, " that palmeta and pineia are found associated 

Thia corjphtt is the aoyate, (in Aitec, toi/all,) ot the Palma dulce 
of the natices ; see Humboldt and Bonpland, Syaopsü Plant. jEgui- 
noct. Orbi» Novi, t. i. p. 302. Professor Busclunami, who is profonndly 
acquünted with tbe American languages, remarks, ilist the Palma 
loyale U bo named in Yepe'e Vocaiulario de la Lengua Olhomi, and 
üäx Uta Aztae word zoyatl (Molina, Vocabidario en Lengua Mfxicana 
» Caetellana,, p. 25,) recurs In names of places, auch ae, ZofStitlan and 
Zoyapanco, near Chiapa. 

t Hear BanKoa and Cayoa de Moja ; «eo the Admir»I'i jonmal of 
tlie 25tli and 2Tt1i of November, 1492-, and Homboldt, Examen critiywe 
de HHiat. de la Olographie dv Noitveau C'aniinenl, t. ii, p. 2G2, and 
t iii. p. 23. Calumbna, who invoHality paid the most remarkable 
tJOD Ut all natuml ol^ecta, iras the Rmt Ü obeerre the difTcrence ' 
Podocarpua and Pinae. "I find," said he, "en la tierra aa. 
Citäo piaoB que no Heran pinas (fir-cooea), pcro portal orden 
paeataa por naturateza, que (loa Irutoe) parecen axejtunas del Axarafc 
Sevilla." The great balaniet, lüchnrd, when he published his oxcollent 
Memoir on Cycadeie and Conifers, little imagined that before the time 
of L'HSrilier, and even beforo the end of the fifteenth century, 
gtiac had seponted Fodocafpu» from the AbieUuMe. 
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together in the newly-discoyered land." It is a matter of 
xoach importanoe to geolc^ to compare the jnresent A- 
tribution of plants oyer the eurth's sorflGioe with th^t exhibited 
in the fossil floras of the primitive wcHrld. The tempersAs 
aone of the southern hemisphere, whidi is so rich in seas and 
islands, and where tropical forms blend so remarkably wilJi: 
those of colder parts of the earth, presents, according to Dar« 
win's beautiful and animated descriptions,* the most instzne' 
iiYe materials for the study of the present and the past 
ge(^raphy of plants. The history of the primordial ages is, 
in the strict sense of the word, a part of Üxb history of planti. 

Cy cadeee, wfaich, firom the number of their ibssil species, must 
have occupied a fax more important part in the extinct than 
in the present vegetable world, are associated with the neaiif 
allied conifer» from the coal formations upwards. Th^ are 
almost wholly absent in the epodi of the variegated sandstoDe 
which contains coniferee of rare and luxuriant structure ( Fd- 
Hxia, HaidingertL, Alhertia) ; the cycade», however, occur most' 
£requentily in the keuper and lias strata^ in which more than 
twenty dxflferent forms appear. In the chalk marine plastB 
and naiades predominate. The forests of cycadese of the Jura 
formations had, therefore, long disappeared, and ev^i in the 
more ancient tertiary formations they are quite subordinate to 
the coniferaB and palms.f 

The lignites, or beds of brown ooal{ which are present ia 
all divisions of the tertiary period, present, amongst the most 
ancient cryptogamic land plants, some few palms, many coni- 
ferae having distinct annual rings, and foliaeeous dirubs of a 
more or less tropical character. In the middle tertiary 
period we again find palms and cycade» fully established, and 
finally a great similarity with our existing flora, manifested 
in the sudden and abundant occurrence of our pines and firs, 
cupuliferee, maples, and poplars. The dicotyledonous stems 
found in lignite are occasionally distii^uished by colossal 

♦ Charles Darwin, Journal of the Voyages of the Advemwre and 
Beagle, 1889, p. 271. 

t Göppert describes three other Cycade» (species of Cycadites and 
Pterophyllnxn), foimd in the brown carbonlferoas schistose cHaj of Alt- 
Battei and Commotau, in Bohemia. They veiy probably belong to the 
Eocene period. Göppert, Fossile Cycadeen, s. 61. 

t iMedaU of Creation, vol i. di. v. &c. Wonders of OeologMp 
vol. i. pp. 278, 392.]—^. * 
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e and great t^e. In the tnmJc of a tree found at Bona, 
Wöggerath counted 792 annual rings.* In the north of Franee, 
at Yseas, near Abhe^'ille, oaks have been discovered in the 
tnrf moore of the Somme, which meaBured fourteen feet in 
diameter, a thieknesa which is yery remarkable in the dd 
continent and without the tropica. According to Goppert's 
escellent investigations, which, it ie hoped, may soon be 
illuBtrated hy phites, it wouM appear that " all the amber of 
the Baltic comes from a coniferous tree, which, to judge by 
the stlU extant remains of the wood and the bark at different 
ages, approaches very nearly to our white and red pines, 
wthough forming a distinct species. The amher tree of the 
ancient world (Piniies succt/er), abounded in resin to a 
degree far surpassing that manifested by any extant coniferous 
tree, for not only were largo masses of amber deposited in 
and upon the bark but also in the wood itself, following the 
course of the meduUary rays, which together with ligneoua 
cells are still discernible under the microscope, and peripherally 
between the rings, being sometimes both yellow and white." 

" Among the vegetable forms inclosed in amber are male and 
femaleblossomsof our native needle- wood trees and cupuliferce, 
whilst fragments whieh are recognised as belonging to thrna, 
cupreflsus, ephedera, and eastania vesca, blended with those of 
junipera and firs, indicate a vegetation different from that 
of the coasts and plains of the Baltic. "f 

■ Buokland, GeeUigy, p. Ö09. 

+ [The foreala of amber-pines, Piaites tuix\fer, were in tho sonth- 
matem part of what is now the bed of tlie Bnltie, in about 65" N. lat,, 
and 37" E. long. The different colon™ of amber are derived from local 
cbemieol admiitiire. The Bmher contains fragments of vegetoUle 
matter, and from Uicbc it luis been ascertained that the amber-pine 
foreeta contained four other ipocies of pice (beaidea the Finita facci- 
fir), aevenil cypreeaes, jews, and junipers, with oaks, poplars, beeches, 
ic — alMgether fortf-eigbt species of trcea and ehrubä, oonatituling a 
flora of North American character. There ate alao eonie ferns, moHaea, 
fongi, and liverwortB. See ProfcBBor GHpport, Oeol. Trane., 1846. In- 
aaets, epiders, smal) cmstaceanB, lenvee, and fragments of vegetable tiaene, 
iu-o imbedded in some of the maiffioa. Upwards of 800 species of insccta 
hare been observed; most of them belong to Hpecies, and eveu genera 
that appear to be distinct from iQir now known, but others aro noiirly 
related to indigenoiu Hpectes. and some are idontical with existing forms, 
that inhabit more southern olimBa. — ITctifeni qf Otolo^, vol i. pp. 243, 
to;]— 2V. 
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Wc have now passed through the whole aeries of fonna- 
tions comprised in the geological pOTtion of the present woik, 
proceeding from the oldest erupted rock and the most anctest 
sedimentary formations to the alluvial land on which an. 
scattered tnose large masses of rock, the causes of whose 
general distribution have been so long and 'Variously dis» 
cussed, and which are, in my opinion, to be ascribed radiär 
to the penetration and violent outpouring of pent-up waten 
by the elevation of mountain-chains, than to the motion of 
floating blocks of ice.* The most ancient structures of th& 
transition formation with which we are acquainted are date 
and greywacke, which contain some remains of sea weed» 
from the Silurian or cambrian sea. On what did these so- 
called most ancient formations rest, if gneiss and mica schist 
must be regarded as changed sedimentary strata? Dare we 
haasard a conjecture on t£iat which cannot be an object of 
actual geognostic observation? According to an ancient 
Indian mj^ the earth is borne up by an elephant, who in hie 
turn is supported by a gigantic tortoise, in order that he may 
not fiill; but it is not permitted to the credulous Brahmins to 
inquire on what the tortoise rests. We venture here upon a 
somewhat similar problem, and are prepared to meet with 
opposition in our endeavours to arrive at its solution. In the 
first formation of the planets, as we stated in the astronomical 
portion of this work, it is probable that nebulous rings revolv- 
ing round the sim were agglomerated into spheroids, and 
consolidated by a gradual condensation proceeding frx>m the 
exterior towards the centre. What we term the ancient 
Silurian strata are thus only the upper portions of the solid 
crust of the earth. The erupted rocks which have broken 
through and upheaved these strata, have been elevated from 
depths that are wholly inaccessible to our research; they 
must, therefore, have existed under the silurian strata, and 
been composed of the same association of minerals which we 
term granite, augite, and quartzose porphyry, when they are 
made known to us by eruption through the sur&ce. Basing 
our inquiries on analogy, we may assume that the substances 
which fill up deep fissures and traverse the sedimentary strata, 

* Leopold Yon Bach, in the AbhandL der Ahad, der Wiaaeneck, an 
Berlin, 1814-15, s. 161; and in Foggend., Anntden, bd. ix. b. 575; 
£]ie de Beanmont, in the AnnaUa des Sciences J^aka-eUes, i xix. p. 60. 
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F nrc merely tlie ramifications of a lower deposit. The foci of 
j active volcanoes are eitimteil at enonnoua depths, and judging 
B from the remarkable fragments -wlucli I have found in Tarious 
j" parts of the earth incrustcd in lava currente, I should deem it 
more than probable that a primordial granite rock forma the 
substratum of the whole stratified edifice of foBsil renminB.* 
itaining olivine first shows itself in. the period of 
;halk, trachyte still later, whibt eruptions of granite 
as we learn from the products of (heir metamorphic 
to the epoch of the oldest sedimentary strata of the 
ition formation. Where knowledge cannot be attained 
immediate perceptive evidence, we may be allowed from 
■'on, no less than from a careful eomparisou of facts, to 
a conjecture by which granite would be restored to a. 
ion of its contested right and title to be considered as 
iordial rook. 

recent progress of geognosy, that is to say, the more 
led knowledge of the geognostic epochs characterised 
ice of mineral formations, by the peculiarities and 
of the oi^ianisms contained withm them, and by 
position of the strata, whether uplifted or inclined hori- 
'"Y' 1^*^8 ''^' '*y means of the cansal connection existing 
all natural phenomena, to the distribution of solids and 
fluids into the continents and seas, which constitute the upper 
CTuBt of our planet. We here touch upon a point of contact 
between geoli^cal and geographical geognosy, which would 
constitute the complete history of the form and extent of 
continents. The liioitation of the sohd by the fluid parts of 
the earth's surfhce, and theii mutual relations of area have 
■varied very considerably in the long series of geognostic epochs. 
I They were very dÜTerent, for instance, when carboniferous 
strata were horizontally deposited on the inclined beds of the 
mountain limestone and old red sandstone ; when lias and oolite 
lay on a substratum of keupcr and muschelkalk, and the chalk 
rested on the slopes of green eandstflne and jura limestone. 
If, with Elie de Beaumont, we term the waters in which the 
jura limestone and chalk formed a soft deposit, the j'uratjic of 
oolitic, and the cretaccovs seas, the outlines of these formations 
will indicate, for the two corresponding epochs, the boundaries 
* See Elic iJe Bewmioat, ßeio". glol. de la France, t. 1, p, SC; 
BBuduLt, O€oiotie, 131«, p. 20». 
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between ihe alretul]' dried land and the ocean in which thcM I 
rocks wiere forming. An in^uiona attempt haa been made to 
drow maps of thu physical poilion of primitive geogra^, 
ttad we may congider such diagrams as more corr^t uü 
tlio»<e of the wanderings of lo or the Homeriis geography, 
nnoe the latter arc merely graphic representations of mytliic«! 
images, whilst the former arc based upon poBildve &cti 
dedueed from the scienec of geology. 

The results of the investigations mode regardiog the aiefil 
relations of the solid portions of our planet are as follows : 
in the most ancient times during the silurian and devonian 
transition epochs, and in the secondary formations including 
the trias, the continental portions of the earth were limited 
to insiUar groups, covered with v^ietAtiou; these islanda 
at a subsequent period bccwne united, giving rise to numer- 
ous lakes and deeply indented bays; and finally, when the 
ohains of the Pyrenees, Apennines, and Carpathian mixm- 
tains were elevated about the period of the more ancient 
tertiary formatianB, loi^ oontinenta appeared, having tUmost 
their present siac* In the silurian ejKich, as well as in that 
in which the cycadeec flourished in such abundance, ukI 
gigantic satirians were living, the drf land, from pole to pole, 
was probably leas than it now is in tiie South Pacific and the 
Indian Ocean. We shall see, in a subsequent part of this 
work, how this prepondera.ting quantity of water combined 
with other causes must have oontribulwi to raise lie tempe- 
rature and induoea greater uniformity of climate. Here we 
would only remark, in considering the gmdunl extension of 
the dry land, that shortly before the disturbcmces whioh at 
longer or shorter intercals caused the sudden destruction of 
so grca.t a number of coIohbqI vertebrate in the diluvial period, 
■ome parts of the present continental masses must hnvo been 

' ' [Those movomenta, described In bo few worfla, were doahUeaa going 
Hk far many tbonatinds and tens of thouSBlxh of rerolalions (if oar 
planet. Tlicy were ucompanied also by vaat bat slow c^angci of other 
kinds. The cipailBiTe fane emplojod in lifljng np by mlgbty üktte- 
ments the nortbcrn portion of the continent of Asis, fomtd parütl t«nt; 
and from partial finbaqucQiiB Gasnrea Ibsre vere poured out the laibulir 
nsffles of basalt occurring In Central India, while an exlcnÜTS ires oT 
deprenon in tiie Indian Ocean, mirkol by the coral iBlnnds of the 
LoecadiTCB, the Ualdiv«a, the great duigos bank, undwnoe othen, «em 
in the caorse of depression \>j b> ciiuiJMWtine moYemenL — Aniwfi 
' ' ■ rcrid, p. 346, fct^— Tr. ^^ 



completely Beparated from one anotlier. There U a greert 
similarity ia South America and Austi'alia between still living 
and extinct Bpecies of animals. In New Holland foBsil 
remains of the kangaroo have been found, and in New Zea- 
iand the Bemi-fossiliied boaee of an enormous bird, resembliag 
the ostrieh, the dinomw of Owen,* which is nearly allied to 
tte present apteryä, and but little so to the recentiy extinct 
dronte (dodo), of the Island of Rodriguez. 

The form of the continental portions of the earth may, 
perhaps, in a great measure, owe their elevation above the 
surroundiog level of the water to the eruption of quartzose 
porphyry, which overthrew with violence the first great vege- 
tatitm, from which Üie material of our present coal meaaiires 
was formed. The portions of the earth's eurtace which we 
term plains are nothing more than the broad summits of hills 
and mountains, whose bases rest on tlie bottom of the ocean. 
Every p lain ia, therefore, when considered according to its 
submarine relations, an eleecded plateau^ whose inequalitieB 
Lave been covered over by horizontal deposition of new sedi- 
mentary formations, and by the accumu^tdon of alluvium. 

Among the general suhgecta of contemplation appertaining 
to a work of fJais nature, a prominent plaoe most be given, 
first to the consideratian of the qaatttity of the land raised 
above the level of the sea, and neÄ to the individual configu- 
ration of each part, either in relation to horizontnl extension 
(xdationa of form), or to vertical elevation, (hypsometrical 
relations of mountaio'Chains.) Our planet has two envelopes, 
of which one, which is general — the atmosphere — is composed 
of an elaatie fluid, and the other — tie sea — is only locally dis- 
tributed, surrounding, and therefore modifying, the form of the 
land. These two envelopes of air and sea constitute « natural 
whole, on wluch depend the difierenco of climate on the earth's 
§urf:icc, according to the relative eartension of the aqueous and 
solid parts, tiie form and aspect of the land, and the direction 
and elevation of mountain chains. A knowledge of the reci' 
procal action of air, sea, and land, teaches us that great 
meteorological phenomena cannot be comprehended when 
considered ind(^iendently of geognostic relations. Meteor- 

* |fiee A-meriaai Jovntal of &ience, vol. ilv. p. 187 ; and Medolt 
(/ OnaiM'on, vol. ii.p. 817; Tran». Zoolog. Soeieti/ itf Iiortdon.y^ iL; 
Wimdtrt of QvJiofy, voL J. p. \te.}—Tr. 
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ology, as well as the geography of plants and animals, has 
only begun to make actual progress since the mutoal depend- 
ence of the phenomena to be investigated has been fully 
lecognised. The word climate has certeinly special n^Jerenoe 
to the character of the atmosphere, but this character is itself 
dependent on the perpetually concurrent influences of the 
ocean, which is umverisally and deeply agitated by currents 
having a totally opposite temperature, and of radiation from 
the diy land, which varies greatly in form, elevation, colour, and 
fertility, whether we consider its bare rocky portions or those 
that are covered with arborescent or herbaceous vegetation. 

In the present condition of the sur&ce of our planet the 
area of the solid is to that of the flidd parts as 1 : 2f-, (accord- 
ing to Higaud, as 100 : 270)*. The islands form scarcely -^ 
of the continental masses, which are so unequally divided that 
they consist of three times more land in the northern than in 
the southern hemisphere; the latter being, therefore, pre- 
eminently oceanic. From 40^ south latitude to the Antarctic 
Pole the earth is almost entirely covered with water. The 
fluid element predominates in like manner between the east- 
em shores of the old, and the western shores of the new conti- 
nent, being only interspersed with some few insular groups. 
The learned hydrc^rapher Fleurieu has very justly named ^n& 
vast oceanic Ixisin whidu under the tropics, extends over 145*^ 
of longitude, the Great Ocean^ in contradistinction to all other 
seas. The southern and western hemispheres (reckoning the 
latter from the meridian of Teneriffe) are ther^ore moreridi 
in water than any other region of the whole earth. 

These are the main points involved in tiie consideration of 
.the relative quantity of land and sea, a relation whidi exer- 
cises so important an influence on tiie distributifm of ten^- 
rature, the variations in atmospheric pressure, the directioa 
•of the winds, and the quantity of moiature contained in the 
air, with which the development of Vegetation is so caacntii Dy 
connected. When we consider that nearly three-lmirdis of 
the U]^r sur£ice of our planet are coveted wiüi waler,t we 

"" See TrmuaetHmi t^ Ae Cma^bridge Pkihtopkiad £^cm^ ¥«LtI 
yt i. 1S37. p. 297. OUm- vrilnslATegiTvi the niM »100:234. 

f I]ktlieiiuddks^eB.th€0|i«iBioaiiimikd,tltti Aeeeac^^ 
• a e wr enUi of Ike snr&ee of tft« gktbt,. aa ofbam. vhiek Gbc&al 
CAü^ i/aofo ifiMtfi^ cap. SJ iBvaiM «a ike fiMolk apMiTplMl Wäk tf 
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shall be less surprised at the imperfect condition of meteor- 
oI(^y before the beginning of tbe present century; since it ia 
only during the subsequent period that numerous accurate 
observations on the temperature of the sea at different lati- 
tudes and at different seitsons, have been made and numeri- 
cally compared together. 

The horizoiital configuration of continents in their general 
relations of extension, was already made a subject of intellec- 
tual contemplation by the ancient Greeks. Conjectures were 
advanced regarding the masimum of the extension from west 
to east, and Diesearchus placed It, according to the testimony 
of Agathemerus, in the latitude of Rhodes, in the directioa of 
a line passing from the pillars of Hercules to Thine. This 
line, which has been termed the parallel of the diaphragm of 
Dic(farchus, is laid down with an astronomical accuracy rf 
position, which, us I have stated in another work, is well 
■worthy of exciting surprise and admiration.* Strabo, who 
■was probably influenced by Eratosthenes, appears to have 
iKen so firmly convinced that this parallel of 36° was the 
maiimum of the extension of the then existing world, that 
lie supposed it had some intimate connection ■with the form of 
the earth, and, therefore, places -under this Une the continent 
■whose existence ho divined in the northern hemisphere. 
between Theria and the coasts of Thine, j- 

As we have abeady remarked, one hemisphere of the 
earth (whether we divide the sphere through the equator 
or through the meridian of Teneriffe,) has a much greater 
expansion of elevated land than the opposite one : these 
two vast ocean-girt tracts of land, which we term the east- 
em and western, or the old and new continents, present, 
however, conjointly with the most striking contrasts of con- 
figuration and position of their axes, some similarities of 

Xsdras. Coliunbus, who derived a great pcrtion of hia cosmogmpbicsJ 
knowledge from the Cardinal'B work, was niacb intensted in upholding 
this idcB of the gmaUneaa of tbe sea, (o vhtoh the misimdetatood eiprei- 
1Ü0D of " tbe ocean atream" contribuled not a little. Sec Humboldt, 
Examen critique de tHist. de ta 04o^rapMe, t. i. p. 186. 

* AgstbemcrnB, in HadsoD, Oeographi minores, t. iL p. 4; aee Hom- 
boldt, Asie centr., t. i. pp. 12Ü-125. 

t Strabo, lib. L p. 9S, Cassnbi see Humboldt, Emtmtn crit., I, L 
p. 1G2. 
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fonn, especiallj with reference to the mntaal rekrtioxis oi 
their opposite coasts. In the eastern continent, the predomi» 
natb^ directionr—the position of the major axi»— inclines firom 
east to west (or more correctly speaking from south-west to 
north-east), whilst in the western continent it inclines from, 
south to north, (or rather from south south-east to north 
north-west). Both terminate to the north at a parallel coin- 
ciding nearly with that of 70°; whilst they extend to the 
south in pyramidal points, haying submarine prohHkgations o£ 
islands and shoals. Sueh, for instance, are the Archipekigo 
of Tierra del Fuego, the LaguUas Bank South of the Cape ol 
Qood Hope, and Van Diemen's Laisd, separated frt>m New 
Holland by Bass's Straits. Northern Asia extends to the 
aboye parallel at Cape Taimura, which, according to Smsen»' 
stem, is 78° 16', whilst it falls bekw it from the mouth of thi 
Great Tschukotschja Biyer eastward to Behring*s Straits, in 
Ünt eastern extremity of Asia-^CodL's East Cape— whidiy 
according to Beechey^ is only 66° 3^.* The northern shore of 
the New Continent mllows with tolerable exactness the paral- 
lel of 70°, since the lands to the north and south of Banow's 
Strait, from Boothia Felix, and Victoria Land, are merely 
detached islands. 

The pyramidal configuration of all the southern extremities 
of continents belongs to the similitudines physica in configurO" 
Hone Mundil to winch Bacon already c^ed attention in his 
Novum Organon, and with which Beinhold Foster, one of 
Cook's companions in his second yoyage c^ circumnayigatioiv 
csonnected some ingenious considerations. On looking ea^ 
ward from the meridian of Teneriffe, we perceive tlmt the 
southern extremities of the three continents, yiz., Africa as 
the extreme of the Old World, Australia, and South America, 
successively approach nearer towards the South Pole. New 
Zealand, whose length extends fully 12® of latitude, forms an 
intermediate link between Australia and South America, like- 
wise terminating in an island, New Leinster. It is also a re- 
markable circumstance that the greatest extension towards the 
south falls in the Old Continent, under the same meridian in 

* On the mean latitade of the I^ortbem Asiatic sdiores, and the 
trae name of Cape Taimura (Cape Siewero-Wostotschnoi), and Ciipe 
Korth-East (SchalagiKkoi Mjb), see Humboldlv ^^ oetUraU, i ill 
pp. 86, 37. 
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which the extremest projection towards the North Pole it 
manifested. This will be perceived on comparing the Cape of 
Good Hope and the Lagcdlas Bank with the North Cape c^ 
Europe, and the Peninsula of Malacca with Cape Taimura in 
^beria.^ We know not whether the poles of the earth axe 
surrounded by land or by a sea of ice. Towards the North 
Pole the parallel of 82^ 55' has been reached» but towards 
the South Pole only that of 78° 10'. 

The pyramidal terminations of the great continents are vari- 
ously repeated on a smaller scale, not only in the Indian Ocean, 
and in the Peninsulas of Arabia, Hindostan, and Malacca, 
but also, as was remarked by Eratosthenes and Pdybius, in 
the Mediterranean, where these writers had ingeniously com- 
pared together the forms of the Iberian^ Italian, and Hellenic 
peninsulas.t Europe, whose area is five times smaller than 
that of Asia, may almost be regarded as a multi&xiously 
articulated western peninsula of the more compact mass of the 
Continent of Asia, the climatic relations of the former being to 
those of the latter as the Peninsula of Brittany is to the rest 
of France.:]; The influence exercised by the articulation and 
higher development of the form of a continent on the moral 
and intellectual condition of nations was remarked by Strabo,§ 
who extoUs the varied form of our small contin^it as a special 

* Humboldt^ Aaie centrede, t i pp. 198-200. The southern point 
of America, and the Archipelago Tfhich we call Terra del Fuego, lie in 
the meridian of the north-Tf estem part of Baffin's Bay, and of äe great 
polar land, whose limits hare not as yet been ascertoined^ and which 
periiaps belongs to West Greenland. 

+ Strabo, lib. ii. pp. 92, 108, Casaub. 

X Humboldt, AsU eentrcUe, t iii. p. 25. As early as the year 1817, 
in my woi^, JDe digtribuiume geographica pUnUamm eecundum codi 
temperiem et altiiudinem montium, I directed attention to the impor- 
tant influence of compact and of deeply-articulated continents on climate 
and human ciyilizaüon, " Begionesvel per sinus lunatos in longa comua 
porrectae, angulosis littorum recessibus quasi membratim discerptae, vel 
spatia patentia in immensnm, quorum littora nuUis incisa angulis ambit 
sine anfractu Oceanus" (pp. 81, 182). On the relations of the extent of 
coast to the area of a contment (considered in some degree as a measure 
of the accessibility of the interior), see the inquiries in Berghaus, 
AnnaJen der Erdkunde, bd. xii. 1835, 8. i90, and Phyeihal. Atku, 
1839, No. iii. s. 69. 

§ Strabo, lib. ii pp. 92, 198^ Casaub. 
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adyantage. Africa* and South America, which manifest so 
great a re^mblance in their configuration, are also the two 
continents that exhibit the simplest Httoral outlines. It is 
only the eastern shores of Asia, which, broken as it were by 
the force of the currents of the oceanf (Jrcuitas ex tequon 
terras) exhibit a richly variegated configuration, peninsulas 
and contiguous islands alternating from the Equator to 60° 
north latitude. 

Our Atlantic Ocean presents all the indications of a valley. 
It is as if a flow of eddying waters had been directed fint 
towards the north-east, then towards the north-west, and back 
again to the north-east. The parallelism of the coasts north 
of 10° south latitude, the projecting and receding angles, the 
convexity of Brazu opposite to the Gulf of Guinea, that of 
Africa under the same parallel, with the Gulf of the Antilles, 
all £eivour this apparently speculative view.| In this Atlantic 
valley; as is almost everywhere the case in the configuration 
of hurge continental masses, coasts deeply indented, and rich 
in islands, are situated opposite to those possessing a different 
character. I long since drew attention to the geognostie 
importance of entering into a comparison of the western 
coast of Africa and of South America within the tropics. 
The deeply curved indentation of the African continent 

* Of Africa, Pliny says (v. 1) " Nee alia pare terraniin paneiores recipit 
alnuB." The small Indian peningula on this side the Ganges presents, 
in its triangular outline, a third analogous form. In ancient Greece 
there prevailed an opinion of the regular configuration of the diy land. 
There were four gulfs or bays, among which the Persian Gulf was placed 
in opposition to the Hyrcanian or Caspian Sea, (Arrian, vii. 16; Plut., In 
vita Alexandria cap. 44 ; Dionys. Perieg., v. 48 and 630, pp. 11, 38, 
Bemh). These four bays and the isthmuses were, according to the 
optical fancies of Agesianax, supposed to be reflected in the moon 
(Pint., De Facie in orbem Lunce, pp. 921, 19). Suspecting the terra 
guadrifida, or four divisions of the dry land, of which two lay north and 
two south of the equator, see Macrobius, Coram, in Somniwm, ScipionU, 
ii. 9. I have submitted this portion of the geography of the ancients, 
regarding which great confusion prevails, to a new and careful examina- 
tion, in my Examen crit. de VHiat. de la Oäoffr., t L pp. 119, 145, 180- 
186, as also in Asie centr., t. ii. pp. 172-178. 

+ Fleurieu, in Voyage de MarcJiand axdour du Monde, t. iv. ppw 
88-42. 

t Humboldt, in the Journal de Physique^ llii., 1799, p. 33; and 
BeU hist., tup. 19, t. iU. pp. 189, 198. 
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at Fernando Po, 4° 30 north latitude, is repeated on the 
coast of the Pacific at 18' 15' south latitude, between the 
Valley of Ariea and the Motto de Juan Diaz, where the Peru- 
vian coast suddenly changes the direction from south to north 
which it had previously followed, and inclines to the north- 
west. This change of direction extends in lite manner to the 
chain of the Andes, which is divided into two parallel branches, 
affecting not only the littoral portions* but even tie eastern 
Cordilleras. In the latter, civilization had its earliest seat 
in the South American plateaux, where the small Alpine lake 
of TOicaca bathes the feet of the colossal mountains of Sorata 
and niimani. Futllier to the south, irom Valdivia and Chiloe, 
(40° to 42" south latitude,) throi^h the Archipelago de los 
Chonos to Terra del Fuego, we find repeated that singular 
configuration of fiords (a blending of narrow and deeply 
indented bays), which, in the Northern Hemisphere, charac- 
terises the western shores of Norway and Scothmd. 

These are the most general considerations suggested by the 
study of the upper surface of our planet with reference to the 
form of continents, and their expansion in a horizontal direc- 
tion. We have collected facts and brought forward some 
analogies of configuration in distant parts of the earth, but we 
do not venture to regard them as fixed laws of form. "Wheu 
the traveller on the declivity of an active volcano, as, for 
instance, of Vesuvius, examines the frequent partial elevations 
by which portions of the soil are often permanently upheaved 
se\'eral feet above their former level, either immediately pre- 
ceding or during the continuance of an eruption, thus forming 
roof-like or flattened summits, he is taught how accidental 
conditions in the expression of the force of subterranean 
vapours, and in the resistance to be overcome, may modify 
the form and direction of the elevated portions. In this 
manner, feeble perturbations in the equilibrium of the internal 

" Htunbgldt, in Poggendorff'a Anftalen der Phynk, hi. xl. s. 171. 
On tha remarkable fiord formation at the soQth.eaat ond of America, Bee 
Darwin's Journal {tfaTraiiiK of tke Voyaga qf ihe Adventure and 
Beiigle, vol. iii.), 1839, p. 263. The panillelkm of the two mountain 
etiaine ia maintained from S" eouth to 5° norlli tat. Tbe change in the 
direction of the const at Arica appears in be in conaeqnence of tlie altered 
course of the fissure, above which the Cordillera of the Andes has been 
uphe&ved. 
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elastic farces of our planet may haYS incliiied ihem more to iii 
northem then to its southern direction, and caused the coa- 
tinent in the eastern part of the g^obe to present a broad masi^ 
whose major azi» is almost parallel with the Equator, wlulst 
in the western and more oceanic part, the southern extremity 
is extremelj narrow. 

Very little can be empiricany determined reg^arding tin 
eauBol connection of the phenomena of the formation of coop 
tinents, or of the analogies and contxasts presented by their 
configuration. All that we know regandiog this subject 
resolyes itself into this one point, that the active cause is sob« 
terranean, that continents did not arise at once in the farm 
they now present, but were, as we haye already obeerred, 
increased l^ d^rees by means of numerous oscillatory eleva- 
tions and depressions of the soil, or were formed by the fusifln 
of separate smaller continental masses. Their present form is, 
therefore, the resuh of two causes which have exercised a com- 
secutive action the one on the other: the first is the expression 
of subterranean force whose direction we term accidental, owing 
to our inability to define it from its removal from within the 
sphere of our comprehension ; whilst the second is derived from 
forces acting on the sur&ce, amongst which volcanic eruptioDS, 
the elevation of mountains, and currents of sea water play the 
principal parts. How totally dijSerent woidd be the cond^tioii 
of the temperature of the earth, and consequently of the state 
of vegetation, husbandry, and human society, if the major ass 
of the New Continent had the same direction as that of the 
Old Continent; i^ for instance, the Cordilleras, instead ol 
having a southern direction, inclined from east to west; if 
there had been no radiating tropical continent, like Africa to 
the south of Europe ; and if the Mediterranean, which was once 
connected with the Caspian and Bed Seas, and which has 
become so powerful a means of frirthering the inter-eonmiii- 
nation of nations, had never existed ; or if it had been elevated 
like the plains of Lombardy and Cyrene? 

The changes of the reciprocal relations of height between 
the fluid and solid portions of the Earth's surface, (changes 
which, at the same time, determine the outlines of continents) 
and the greater or lesser submersion of low lands), are to be 
ascribed to numerous unequally working causes. The nuMt 
powerful have incontestibly been the force of elastic vapooii 
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inclosed in the interior of the earth, the Budden change ot 
temperature of certain dense strata,* the unequal secular losa 
of neat exp^eneed by the cnut and nucleus of the eaith, 
occasicming ridges in the solid suriacc, local modifications of 
graTitation,t and ae a coosefiuence of these alterations, in the 
cOTTatnre c^ a portion of the liquid element. According to 
tlte views generally adopted by gec^osists in the present day, 
and which are supported by die observation of a series of well 
attested facts, no lese than by analogy with the moat import- 
ant -volcanic phenomena, it «onld appear that the elevation of 
eontinaits is actual and not merely ajq)arent or owing to 
the coniiguration of the upper suriace tj the sea. The merit 
of having advanced thia view belongs to Leopold von iJuch, 
who first made his opinions known to the scientilic world in 
the narrative of hi» memorüble Traiieh through Norway and 
Sweden in 1803 and 18074 Whilst the whole coast of 

• De lo Beohe, SediOHs and Viewi iÜnetraUve of Qeologicai Phe- 
nornena, 1830, tab. 40 ; Chttrles Babbage, ObtenroHone on tite Temptf. 
nf Serapie at PoauoU, aear Naplet, asd on esrtain Cauat» which 
TOay produce tfeoloiiical GgcUg qf great edenf, 1S34. " If a stnttomof 
gandäcone Sre miles in tbicknesa, Bboold have ita tempsratore laiaed 
alMUt 100°, IIa Burbce vould liae 2f> feet. Heated Lcds of clay nauld, on 
the CDatr!U7, occaäoa a sinliing of the gromiil b; tbeir coctractioa ;" Bee 
BisahoT, WarmäeAre des Innern anaere» ErdkSrper», a. 303, cnncerninj 
the «alcnlationa for the Beonlar Bleration of Swaden, on Ibe Snpposition 
as B rise b; ut small a quantity aa 7° ia k Btmtnin of about lfifi,0(IO 
ttet in thickaesB, uid heated to a stole of fnaioii. 

+ The opinion bo implicitly entertained regarding the invariability of 
the force of gravity M any glTon point of the ttarth's suifnce, hsa in 
some degree been controverted by the gtadnal rue of la.!;^ portlooB of 
the earth's surface. See Beuel, U^xr Maae und Qeisicht, ia Schu- 
Bacher'a Jalirbuekfür 1840, a. 13*. 

J Th. iL (1810), B. 38B; *aG Hallatriim, in Kongl. Vetmekaps-AcOr 
demiem Bamliingar (3tock.b.t, 1823, p. 30; Lyell, iu the PkUoe. 
'Prana. for 188S ; Blom (Amtmana in Budikentd), Stat. Beeehr. von 
Norwegen, 1843, B. 89-llG. If not befora Von Boch's traveU throuf^ 
Scwdinavia, at any rate before ihAr publicalion, Flayfitlr, Id 180*2, 
In hii illoltratlon« of the Huttonlan theory, % 393, and according to 
KeUban (Om Limdjordene Sliffning in 2{orgt, in the Nyl Moi/rainefor 
Notumidaakabtmi^, and the Dane Jeaen, even befoie the time of Plnj- 
fair, had eipressed the opinion that it naa not the sea »hieb was alokin^, 
but the Bolid laud of Sweden which was rising. Their ideaa, howeyer, 
irere wboUj unknown to onr great geoli^st, and exerted no influcnee on 
the progress of physical geography. Jenen, in hia work, Koneaiget 
NoTfefreiMtiUtl ^Ur dele noEuWwe og bargerlige 7'iiitaäd, l^obenk. 
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Sweden and Finland, from Solvitzborg on the limits of North- 
em Scania past Gefle to Tomea, and from Tomea to Abo, 
experiences a gradi]M rise of four feet in a century, the south- 
em part of Sweden is, according to Neilson, undergoing a 
simultaneous depression.* The maximum of this eleyatmg 
force appears to He in the north of Lapland, and to <^^mlTil«]^ 
gradually to the south towards Cahnar and Solvitzborg. 
Lines marking the ancient level of the sea in pre-historic times 
are indicated throughout the whole of Norway,! from Cape 
Lindesnaes to the extremity of the North Cape by banks of 
shells identical with those of the present seas, and which have 
lately boen most accurately examined by Bravais during his 
long winter sojourn at Bosekop. These banks He nearly 650 feet 
above the present mean level of the sea, and reappear, accord- 
ing to Keilhau and Eugene Robert, in a north-north-west direc- 
tion on the coasts of Spitzbergen, opposite the North Cape. 
Leopold von Buch, who was the first to draw attention to the 
liigh banks of shells at Tromsoe (latitude 69*^ 40'), has, how- 
ever, shown that the more ancient elevations on the North Sea 
appertain to a different class of phenomena from the regular 
and gradual retrogressive elevations of the Swedish shores in 
the Gulf of Bothnia. This latter phenomenon, which is well 
attested by historical evidence, must not be confounded with the 
changes in the level of the soil occasioned by earthquakes as 
on the shores of ChiH and of Cutch, and which have recently 
given occasion to similar observations in other countries. It 

1763; sought to explain the canses of the changes in the relative leyels 
of the land and sea., basing his views on the early calculations of CeMos, 
Ealm, and Dalin. He broaches some confused ideas regarding the pos- 
sibility of an internal growth of rocks, but finally declares himself in 
foyour of an upheaval of the land by earthquakes, "although/* he 
observes, " no such rising was apparent immediately after the earUiquake 
of Egersund, yet the earthquake may have opened the way for other 
causes producing such an effect.** 

* See Berzelius, Jahrsherickt über die Fortschritte der physischen 
Wiss.f No. 18, s. 686. The islands of Saltholm opposite to CopenhageD» 
and Bjömholm, however, rise but very little — Bjönüiolm scarcely one foot 
in a century; see Forchhammer, in PhUos, Magassine, Srd Series, 
vol. ii. p. 309. 

+ Keilhau, in Nyt Mag. for NaJturvid., 1832, bd. i., pp. 105 — 254; 
bd. ii. p. 57; Bravais, Sur les lignes ctancien niveau de la Mer, 
1843, pp. 15-40. See also Darwin " on the Pandlel Boads of Glen-Boy 
and Lochaber/' in Philos. Trans, for 1839, p. 60. 
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Las been foimd that a perceptible einking resulting from a 
disturbance of the strata of the upper surface Bometimes 
occurs, corresponding with an elevatioa elsewhere, as, for 
instance, in West Greenland, according to Pingel and Graah, 
in Dfdmatia and in Scania. 

Since it is highly probable that the osciUatoTj morementa of 
the soil, and the rising and sinking of the upper surface, were 
more strongly marked in the early periods of our planet than 
at present, we shall be less surprised to find in the interior of 
continents some few portions of the Earth's sur&ce lying 
below the general level of existing seas. Instances of this 
kind occur in the soda lakes described by General Andreoasy, 
the snmll bitter lakes in the narrow Islhnius of Suez, the 
Caspian Sea, the Sea of Tiberias, and especially the Dead 
Sea.* The level of the water in the two last named seas, is 
666 and 1312 feet below the lev«! of the Mediterranean. If 
we couid suddenly remove the alluvial soil, which covers 
the rocky strata in many parts of the earth's suriace, we 
should discover how great a portion of the rocky crust of the 
earth was then below the present level of the sea. The 
periodic although irregularly alternating rise and fall of the 
water of the Caspian Sea, of which I have myself observed 
evident traces in the northern portions of its basin, appears 
to prove,! ^ ^° ^° ^^ observations of Derwin on the coral 

• Humboldt, Aaü centrale, t. ii. pp. S19-32i ; t. iÜ. pp. E19-E61. 
The dopreaaion of the Dead Sea has been succesdvelj dotormined by the 
bsrotnetrical mcAsurcments of Count Berlou, b; the more ciireful ones of 
ßuBsegger, and by the trigonomatricul Eurve}' of LteuL Symond, of the 
Jtoynl Navy, who states that tbe diiforcnce of level between the aarfaoe 
of the Dead Sea and the highest houses of Jafik is about 1605 feet. 
Hr. Alderson, who commonicated this result to the Ocographieal Society 
of London, in a letter, of the contents of which I was informed by my 
fiiend Capt. WsBhingKin, was of opinion (Not. 28, 1841), tiuit the Dead 
Sea lay about 1400 feet under the level of the UeÜtcrrsnoan. A more 
recent eommunication of Lieut Symond (Jameson'a Edinburgh Nem 
PMloeophicai Journal, vol. Jiiiv. 1843, p. 178,) gives 1312 feet as tho 
final resolt of two very accordant trigonometriciij operatiouB, 

+ Sur la Mobilitt du fond de la JUer Ciupienne, in my Äiie centr., 
t. ii, pp. 283-284. The Imperial Academy of Sciences of St. Pete»- 
buigh, in 1830, at my requeeC, charged the learned phyrieist Lenx U> 
place marka indicating tho mean level of the sea, for dc&nite epochs, In 
different places near Sikn. in the peninsula of Abacheron. In the same 
manner, in an appendii to tbe iustmcUons given [o Captain (aov Bir 
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• Üiat^Üioiit eartkqaakes, pn^^erlj «e called, the emrfitte 
of üie EarÜi is capaihle of the same gentle and piog i c s ri fe 
oscillations, as those which most hove proyailed so ^eoBosaiSkf 
ixL the earliest ages, when the sur&oe <Ä the hardemng erost 
of the Earth was less compact than at present. 

The phenomeaa to whidi we wooM hexe ^£rect attentiioia 
remind xa of "die instability of the present order of thii^ 
and of the changes, to whidi the outlines and eonfigxcraticHi of 
continents are probably still subject at long intervals of time; 
That which may scarcely be perceptible in one generstiioii« 
aeoumulates dnrmg periods of tune, whose duration is Tevealed 
to ns by the movement of remote heavenhr bodies. The 
eastern coast of the Scandinavian Peninsula has probalilf 
risen about 320 feet in the space of 8000 years; and in 
12,000 years, if the movement be regular, parts of '(hie bottom 
of the sea whidbi Be nearest the ^Kures, and are in the present 
day covered by nearly fifty £EEthoms of water, will come to the 
sur&oe and constitute dry land. But what are such zsterrab 
of time compared to the length of the geonostie periods 
revealed to us in the stratified series of formataom^ and in the 
world of extinct and varying organismsl "We have hitherts 
only oonsidered the phenomena of elevation; but the analogies 
of observed facts lead ns with equal justice to assume the 
possibility of the depression of vrhole tracts of land. The 
mean elevation of the non-mountainous parts of Frajice amoimts 
to less than 480 feet. It would not, therefore, require any 
long period of time compared with the old geognostic periods» 
in which such great changes were broii^t aixwt in the 
interior of the Earth, to effect the permanent suhmersioa of 
the north-western part of Europe, and induce essential alter- 
ations in its littoral relations. 

James C.) Bobs, for his AntoDctic -ezpeditiaii; I urged tlie ioecessHy of 
csOTsing marks to be cat in the rocks of the •soutbem ^hemisphere, iu had 
aJreadj been done in Sweden and en the «bores of ^be Oaspiaa Sea. 
Had this meosare been adopted in the ear]y Toyages (rf Bougainville and 
Cook, we should now know whether the secular relative changes in the 
level of the seas and land, are to be eonadered as a genecal, or mer^ a 
local natura] phenomenon ; and whether a law of direoti(»i can be re- 
CDgnized in the points whioh hanre eimnlianeoHS elevation or depressian. 
* On the elevation and depression of the bottom of the 6<rath fiea, 
«ad the differ^t areas of alternate movements^ see Danrin's Journal, 
ma. i»5r, 5Sl-^^Stf. 
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TLo depression aad eleration of the solid or fluid parte of 
the Earth — pheaoraena which are bo opposite in their actdoa, 
that the effect of eleration in one part is to produce an 
apparent depression in another, — are the caiises of all the 
chnngeB which occur in the configuration of continents. In 
a work of this general character, and in an impartial exposi- 
tion of the phenomena of nature, we must not overlook the 
pi/stibility of a diminution of the quantity of wat«r, and a 
ooBBtant depression of the level of seas. There can scarcely 
be a doubt that at the period when the temperatui-e of tM 
eur&ce of the earth was higher, when the waters were 
encloaed in larger and deeper fissures, and when the afmo- 
^here possessed a totally diäerent character from what it 
does at present, great changes must liave oecurred in the 
level of seas, dependii^ upon the increase and decrease <rf 
tits liquid parte of the eüth'a eurfaoe. But is the actual 
condition ot our [Janet, there is no direct evidence of a real 
eraitinuouB increase or decrease of the sea, and we have no 
proof of any gradual change in its level at certain definite 
points of ohservation, as indicated by the mean mi^ of 
the barometer. According to experiments made by Dausey 
and Antonio Nobue, an increase in the height of the baro- 
meter would in itself be attended by a depression in the levd 
of the sea. But as the mean pressure of the atmosphere at 
the level of the sea is not the sanic at aU latitudes, owing to 
meteorological causes depending upon the diiBction of the 
wind and varying degrees of moisture, the barometer alone 
cannot afford a certain evidence of the general change rf 
level in the ocean. The remarkable fact that some of the 
ports in the Mediterranean were repeatedly left dry during 
several hours at the beginning of this centory, appears to 
show that currents may, by changes occurring in their 
direction and force, occasion a local retreat of the sea, and a 
permanent drying of a small portion of the shore, without 
being followed h^ any actual diminution of water, or any 
peimanent depression of the ocean. We must, however, ho 
very cautious in applying the knowledge which we have 
lately arrived at, regarding these involved phenomena, s 
we might otherwise be led to ascribe to water, as the elder 
clement, what ought to be referred to the two other elements 
— «arth and air. 
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As the external configuration of continents which we have 
already described in their horizontal expansion, exercises by 
their variously indented littoral outlines a f&yourable influence 
on climate, trade, and the progress of ciyilization; so likewise 
does their internal articulation, or the vertical elevation of 
the soil, (chains of mountains and elevated plateaux,) give rise 
to equally important results. Whatever produces a polymoT' 
phic diversity of forms on the sur£u)e of our planetary habita- 
tion — such as mountains, lakes, grassy savannas, or even 
deserts encircled by a band offerees — ^impresses some peculiar 
character on the social condition of the mhabitants. Eidges 
of high land covered by snow impede intercourse; but a 
blending of low discontinued mountain chains* and tracts of 
valleys, as we see so happily presented in the west and south 
of Europe, tends to the multiplication of meteorological pro« 
cesses, and the products of vegetation; and from the vanely 
manifested in different kinds of cultivation in each district, 
even under the same degree of latitude, gives rise to wants 
that stimulate the activity of the inhabitants. Thus the 
awful revolutions, during which, by the action of the interior 
on the crust of the earth, great mountain chains have been 
elevated by the sudden upheaval of a portion of the oxidised 
exterior of our planet, have served after the establishment of 
repose, and on the revival of organic life, to furnish a richer and 
more beautiful variety of individual forms, and in a great 
measure to remove from the earth that aspect of dreary uni- 
formity which exercises so impoverishing an influence on the 
physical and intellectual powers of mankind. 

According to the grand views of Elie de Beaumont, we 
must ascribe a relative age to each system of mountain 
chains f on the supposition that their elevation must neces- 
sarily have occurred between the period of the deposition 
of the vertically elevated strata, and that of the horizon- 

* Humboldt, Hd. hist, t. iii. pp. 282-234. See also the able remarks 
on the configuration of the Earth, and the position of its lines of eleva- 
f ion, in Albrechts von Boon, OrundzUgen der Erd Völker und StcuOen- 
kunde, Abth. i 1837, s. 168, 270, 276. 

f Leop. Yon Buch, Ueber die geognosHschen Systeme von Deuteek' 
land, in his Oeogn. Brirfen an Alexander von Humboldt, 1824, s. 265- 
271 ; Elie de B^umont, Recherchee sur lee BivoluHofu de la Sutfaet 
du Globe, 1829, pp. 297-807. 
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tolly inclined strata running at the base of tlie mountains. 
The ridges of the earth's crust — elevations of strata which 
are of the same geognostic age — appear moreover to fol- 
low one common direction. Thelineof strike of the horizontal 
strata is not always parallel with the asis of the chain, but 
iaterBects it, so that according to my views,* the phenomenon 
of elevation of the strata, which is even found to be repeated 
in the neighbouring plains, must be more ancient than the 
elevation of the chain. The main direction of the whole con- 
tinent of Europe (from south-west to north-east), is opposite 
to that of the great fissures which pass from north-west to 
aonth-east, from the mouths of the Khine and Elbe, throu^ 
the Adriatic and Ked Seas, and through the mountain system 
of Putschi-Koh in Luristan, towards the Persian Gulf and 
the Indian Ocean. This almost rectangular intersection 
of geodesic lines exercises an important influence on the 
commerciol relations of Europe, Asia, and the north- we^t of 
Africa, and on the progress of civilization on the formerly 
more flourishing shores of the Mediterranean.'!' 

Since grand and lofly mountain chains so strongly escite 

I our imagination by the evidence they afford of great terres- 

Irial revolutions, and w^hen considered as the boundaries of 

dimates, as lines of separation for waters, or as the site of a 

different form of vegetation, it is the more necessary to demon- 

I »träte by a correct numerical estimation of their volume, how 

I Bmallisthe quantity of their elevated, mass when compared with 

' Iheoreaoftheadjacentcontinenta. Themassof the Pyrenees, 

I ibr instance, the mean elevation of whose summits, and the 

'. meal quantity of whose base have been ascertained by accurate 

measurements, would, if scattered over the surface of Franue, 

only raise its mean level about 115 feet. The mass of the 

eastern and western Alps would in like manner only increase 

the height of Europe about 21|^ feet above its present level. 

I have found by a laborious investigation, J which from its 

• Hmnljoldt, Asie eenlraXe, t. i. pp. 277-283 ; see rJbo my Eaai «o- 
k Gieement des Hodifs, 1832, p. 67, and Relal. hint., t. iii. pp. 241-25Ü, 

t Asie centrale, i i. pp. 284, 288. The Adriatic Sea likewise follows 
ft direction from S.K to N.W. 

J De ta hauteur tnoycime rfe* Continente, in mj Asie ceatnde, t. i. 
pp. 82-BU, 165-189. The retaXts which 1 have obbiined, »re lo bo 
regarded m the extreme value intnabrefiimilet), Laplace's estinrnte of 
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oatore can only giTe a maximiim limit, that the eentre of 
grarity of the Yolame ci the land ndaed above the present 
fe^l of the sea in Europe and North America, is respectiy^ 
sittiated at an elevation of 671 and 748 feet, while it isat 11S3 
and 1152 feet in Asia and South Amiprica. These nombe» 
show the low level of northern regions. In Asia the vMt 
Steppes of Siberia are compensated for by the great ^evatioiii 
of the land (between the Himalaya, the North lliibetiaa 
chain of Kouen-lmi, and the Celestial Momitains), ficm 
28^ 30' to 40'' north latitude. We may to a certain extent 
trace in these numbers the portions oi the earth, in which ths 
plutonic forces were most intensely manifested in the interior, 
by the upheaval of continental masses. 

There are no reasons why these plutonic farces may not in 
jbture ages add new mountain-systems to those which EUe de 
Beaumont has shown to be of such difPerent ages, and incliiiid 
in such dijBPerent directions. Why should the ornst of tfai 
earth have lost its property of being elevated in ridges? 
The recently elevated mountain-systems of the Alps and tiie 
Cordilleras exhibit in Mont Blanc and Monte Hosa, in Sonta, 
Illimani, and Chimborazo, colossal elevations which do not 
favour Üie assumption of a decrease in the intensity of tilt 
subterranean forces. AU geognostic phenomena indicate ti» 
periodic alternation of activity and repose ; * but the quiet ^ 
now enjoy is only apparent. The tremblings which stffl 
agitate the surface under all latitudes, and in every species d 
rock, the elevation of Sweden, the appearance of new isknA 
of eruption, are all conclusive as to the unquiet condition ä 
our planet. 

The two envelopes of the solid surfeoe of our planet--^ 
liquid and the aeriform,— exhibit, owing to the mobility d 

the moan height of continents, at 3280 feet, is at leaet three times t» i 
high. The immortal author of the Micanique celeste (t. y. p. l4 I 
was led to this conclusion by hypothetical views as to the mean depA | 
of the soa. I have shown {Aaie centr., t. i. p. 93,) that the old Alex- 
andrian mathematicians, on the testimony of Plutarch (t» JSm^ 
Pauh, cap. 15), believeid this depth to depend on the height rfttt 
mountAins. The height of the centre of gravity of the voliune of the 
continental masses is probably subject to slight variatioos in the coo» 
of many centuries. 

* Zutciter fffvfogischer Briff von JsUie de Beaumont cm Aleuadf 
. twi Humboldt, in Poggeidorff'B Ärmalen, bd. xxv. b. 1-58. 
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titdr iHctides, their cnrrtntB, onA their atmospherie relations, 
many analogies combined with the coutrosts liüch arise from 
Üie great difference in the eondition of their aggregation and 
elasticity, The depths of ocean and of air are alike unknown 
to VB. At some few places tmder the tropics no bottom has 
been found with soundings of 376,000 feet (or more than 
fciur miles); whilst in the air, if according to Wollasfon we 
may assume that it has a limit from which waTes of sound 
may be reverberated, the phenomenon of twilight wonld incline 
tu to assume a height at least nine times as great.* The 
Renal ocean rests partly on the solid earth, whose mountain 
ohnins and elevated plateans rise as we have already seen 
like green wooded shoals, and portly on the sea, whose sur- 
fiice forms a moving base on which rest the lower, denser, 
and more saturated strata of air. 

Proceeding upwards and downwards from the common limit 
of theaerial and liquid oceans, wcfind that the strata of air and 
water are subject to detenninate laws of decrease of tempera- 
ture. This decrease is much less rapid in the air than in the 
eea, which has a tendency under all latitudes to maintain its 
temperatme in the strata of water most contiguous to the 
atmflspbere, owing to the sinking of the bearier and more 
cooled particlcB. A large seriee of the most carefidly con- 
ducted observations on temperature shows \ia that m the 
ordinary and mean condition of its surface, the ocean from 
the equator to the forty-eightit degree of north and south 
latitude is somewhat warmer than the adjacent strata of air.^ 
Owing to this decrease of temperature at increasing depths, 
fishes and other inhabitants of the sea, the nature of whose 
digestive and respiratory organs fits them for living in deep 
water, may even under the tropics find the low degree 
temperature and the coolness of climate characteristic of mi 
temperate and more northern latitudes. This circumstai 
which is analogous to the prevatenee of a mud and even cold 
lUT on the elevated plains of the torrid Konc, exercises a special 
ilduence on the migration and geographical distribution of 
many marine animals. Hcn'eover, the depths at which fishea 

* [Beo Wilun'B Pkper, On WotloiUm'» Anmment /ram the Li 
tatiimqf the Aimoipkert at to the ßniteDimtilniitjKif Matter.— Tn 
1/ tie RoyaX Hociets qf Hdixb., vol. »vL p. 1, 18*S.]— TV, 

t HnmboUt, fofoEKw ImC, L UL «h^, uii. p. Gll-fiSU. 
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liye, modify, by the increase of pressure, fheir cutaneom 
respiration, and the oxygenous and nitrogenous contents of 
their swimming bladders. 

As fresh and salt water do not attain the maximum of their 
density at the same degree of temperature, and as the saltness 
of the sea lowers the tibermometrical degree corresponding to 
this point, we can understand how the water drawn, from 
great depths of the sea during the voyages of Kotzebue and 
Dupetit-Thouars could have been found to have only the 
temperature of 37^ and 36^*5. This icy temperature of sea 
water, which is likewise manifested at tibe depths of tropical 
seas, first led to a study of the lower polar currents, which 
move from both poles towards the equator. Without these 
submarine currents, the tropical seas at those depths could 
only have a temperature, equal to the local maYitinnm of cold 
possessed by the &lling particles of water at the radiating and 
cooled sur&ce of the tropical sea. In the Mediterranean the 
cause of the absence of such a refrigeration of the lower strata 
is ingeniously explained by Aiago, on the assumption that the 
entrance of tiie deeper polar currents into the Straits of Gib- 
raltar, where the water at the sur&ce flows in from the 
Atlantic ocean from west to east, is hindered by the submarine 
counter currents which more from east to west, from the 
Mediterranean into the Atlantic. 

The ocean, which acts as a general equalizer and moderator 
of climates, exhibits a most remarkable uniformity and con- 
stancy of temperature especially between 10° north and 10° 
south latitude,* over spaces of many thousands of square 
miles, at a distance from land where it is not penetrated 
by currents of cold and heated water. It has, there- 
fore, been justly observed, that an exact and loi^ continued 
investigation of these thermic relations of the tropical 
seas, might most easily afford a solution to the great and 
much contested problem of the permanence of climates and 
terrestrial temperatures. f Great changes in the luminous disc 

* See the series of observations made by me in the South Sea» from 
0" 6' to 13° 16' N. lat., in my Äste cen^cUe, t. iii. p. 234. 

+ " We might (by means of the temperature of the ocean under the 
tropics) enter into the consideration of a question which has hitherto 
remained unanswered, namely, that of the constancy of terrestrial tem-* 
peratures, without taking into account the very circumscribed local 
influences arising from Üie diminution of wood in the plains and on 
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nf the Bim woTilJ, if they were of long dutation, be reflected 
with more certainty in the mean, temperature of the 8ea, than 
in thtit of the solid land. 

The zones, at whieh occur the maxima of the oceanic 
temperature and of the denaitj" (the saline contents) of its 
waters, do not correspond with the cq^uator. The two 
maxima are separated from one another, and the waters of 
the highest temperature appear to form two nearly jjarallel 
lines north and south of the geographical equator. Lcnz, in 
hi» voye^ of circumnavigation, found in the Pacific the 
majtima of density in 22° north and 17° south latitude; 
whilst its minimum was situated a few degrees to the south of 
the equator. In the region of calms the solar heat can exer- 
cise but little influence on evaporation, because the stratum 
of air impregnated with saline aqueous vapour, which rests on 
the Burfhee of the sea, remains still and unchanged. 

The surface of all connected seas must he considered as 
having a general perfectly equal level with respect to their 
mean elevation. Local causes (prohahiy prevailing winds and 
eurrents) may however produce permanent although trifling 
changes in the level of some deeply indented baj-s, as for 
instance the Red Sea. The highest level of the water at the 
Isthmus of Suez is at different hours of the day &OTa 34 to 
30 feet above that of the Mediterranean. The form of the 
Straits of Bab-el-Mandeb, through which the waters appear to 
find an easier ingress than egrese, seems to contribute to this 
remarkable phenomenon, which was known to the ancients* 
The admirable geodetic operations of CorabcEuf and Delcrois, 
show that no perceptible difference of level exists between the 
upper surfaces of tne Atlantic and the Mediterranean, along 
the chain of the Pyrenees, or between the coasts of northern 
Holland and Marseilles .f 

mouDtains, and the diying up of lakes and manihea. Each ago might 
easily IraDBmit to the succeeding one Bomc fctr data, which would 
pcrhauB furnish ihe must simple, csact, and direct means of deciding 
whether the sun, which is aliaoat the sole and excloeive source of the 
heat of our planet, clumges its physical cooatitntion and splendour, like 
the greater number of the stats, or whether, on the coutrarj-, that loiui- 
narj has attained to a pennauenC condition." — Arago, in Ike Comple» 
rendvg dea Siiincee de lÄcad. da Sciences, t. »i. pL 2, p. 309. 

• Humholdt, Asif ctntroje, t. ii. pp. 821, 32T, 

i Sec the nomeruiil lesulta, in pp. S2B--8ii8 of the Tolonu ; 



\ 



310 COSMOS. 

Difiturbances of equilibrium and conseqaent movemeiilB of 
tiio wateni arc partly irregular and transitoiy, dependent upoa 
'wiikIh, aiul producing waves which sometimes at a ^^«^fj^ 
ih>m the shore and during a storm rise to a heig^ of mote 
tlian l\r} fwt; partly regular and periodic, occasioned by the 
jxNiition and attraction of the sun and moon, as the ebb and 
flow of the tidcH ; and partly permanent, althougih less iii*»n^ 
occurring as oceanic currents. The phenomena of tides ^diick 
l>revuil in all seas (with the exception of the smaller ones that 
arc (H)mploti*ly closed in, and where the ebbing and flowing 
wavoH ore scarcely or not at all perceptible) have been perfectly 
ox])laine<l by the Newtonian doctrine, and ihaa broa§^ 
*' wiUiin tlie domain of necessary ÜEu^ts." Each of these 
poriiMlically recurring oscillations of the waters of the sea 
has a duration of somewhat more than half a day. Al- 
though in the open sea they scarcely attain an elevation of 
a fow feet, thoy often rise considerably higher where Ihe 
waves arc opi>osed by the configuration of the shores, as for 
insüuico, at St. Malo and in Nova Scotia, where they reach 
tliü reHpectivc elevations of 50 feet, and of 65 to 70 feet. " It 

namod. "From the ffcodosical lovelliixga which, at my request, my Mend 
Ouiioral liollvar caused to bo taken by Lloyd and Palmare, in the years 
18*28 and 1 8*29, it was aHcortaincd that the level of the Pacific is at the 
utmoMt :i4 foot higher than that of the Caribbean sea ; and evoH that 
at diiVoront hourn of tlio day each of the seas is in torn the higher, 
accordinK to their rcHpoctive hours of flood and ebb. If we reflect, that 
in n diMtaiKM) of 04 miles, comprising 933 stations of observation, an 
orror of throo foot would be very apt to occur, we may say that in these 
iipw oporatlon« wo have further confirmation of the equilibrium of the 
wat^^rH wln<'h commimicato round Cape Horn (Arago, in the Annuaire 
an Jiumtn de.a Longitudea pour 1831, p. 819). I had inferred, 
ft-om baroiiietrioal observations instituted in 1799 and 1804, that 
If thoro wer« any diflcrcuco between the level of the Pacific and the 
Athiutic (Caribbean Sea), it could not exceed three metres (nine 
feet three inches) ; see my HelcU. hist., t iii. pp. 655-557, and 
Annah'M de ClUmie, t. i. pp. 55-64. The measurements, which appear 
to OHtablitdi an excess of licight for the waters of the Gulf of Mexico, 
and for those of Uie northern part of the Adriatic Sea, obtained by com- 
bining the trigonometrical operations of Delcroisand Choppin with those 
of the Swiss and Austrian engineers, are open to many doubts. Notwith- 
standing the form of the Adriatic, it is improbable that the level of its 
waters in its northern portion should be 28 feet higher than that of the 
Mediterranean at Marseilles, and 25 feet higher than the level of the 
AÜSLTitic Ooeao. Seo my A«ie centroXe, \.. ü. ^. ^'L 
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has been, shown by the analysis of the great geometrioiMi 
LapliLce. that supponog the depth to be wholly inconsiderable 
when compared with the radius of the earth, the atnbiliW of 
the equilibrium of the eea reqiiire§ that the density of ite 
tiuid should be lesa tliaii that of the earth; and as we have 
already seen, the earth's density is in fact five times greater 
than that of water. The elevated parte of the land cannot 
therefore be overflowed, nor can tlie remains of marine 
«niTpnla found on the summits of mountains, have been con- 
veyed to those localities by any previous high tides."* It i> 
no slight evidence of the importance of analysis, which ig too 
oAen regarded with contempt amongst the unseientiiic, that 
Laplace's perfect thoory of tides has enabled us in our astro- 
Domical cphemcridea, to predict the height of spring-tides at 
the periods of new and full moou, and thus put the inhabitants 
of the sea shore on their guard against the increased danger 
attending these lunar revolutions. 

Oceanic omrenta, which exorcise so important an influence 
on the intercourse of nations and on the climatic relations of 
adjacent coasts, depend oonjointJy upon various causes, differ- 
ing alike in nature and importance. Amongst these we may 
reckon the periods at which tides occur in their prc^ess round 
the earth; the duration and intensity of prevailm"^ ninds; the 
' modifications of density and specific gravity which the parlitdes 
of water undergo in consequence of difibrences in the tem- 
porature and in the relative quantity of saline contents at dif- 
ferent latitudes and depths ; ■] and lastly, the horary variations 

* BflBBcl, ITcSer FliOh and £bbf, tn Scliamaclier's Jahriwih, 183S, 
fl. 22.5. 

t Tbo relative density of the particlefl oC water dopends Bimulla- 
neaufily on the temperature and on Ibe amonat of tlie ealine coaleate, — a 
oircmnslauce that is not sufficiently borne in mind in cansidering the 
oause of currents. Tho Bnbmiirine enrrenl, vhioh brings Ihe cold polu 
water to tho equatorial legiona, woaM JoUow an eioctlj opposite course, 
that is to say, from tbo equator towards tbe poles, if the differenee in 
saline contents were alone concerned. In this riew, the goographical 
diatnbutioa of ttnuperature snd of density in the naler of ^u oeean, 
under the diff'ereat moes of latitude and longitude, is of great import- 
suce. The niunerous obserratioai of Lws {Poggendoi#s AnniUe«, 
bd. XX. 1S30, s. ]2B), and ibosB of O^itajn Baeebey, coUeoted in bis 
Voj/affe (s tlie Paci^, vol. it p, 727, desarre particulai atleation. Bee 
Humboldt, Belat. hia., 1. 1 p. 7*. ami Asie centrcUe, i. iii. p. 3G^ 
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of the atnKMmheric pressore, soooessiTdj propagated from east 
to west, and occarring with such r^;ulari^ in tbe tropics. 
These currents pres^it a remarkable spectacle ; like rivers ci 
uniform breadth, they cross the sea in differentdirections, whilst 
the adjacent strata of water which remain imdistorbed form, as 
it were, the banks of these moving streams. This difference 
between the moving waters and those at rest, is most strikingly 
manifested where long lines of sea weed borne onward by tl^ 
current, enable us to estimate its velocity. In the lower 
strata of the atmosphere, we may sometimes during a storm 
observe similar phenomena in the limited aerial current, 
which is indicated by a narrow line of trees which are often 
found to be overthrown in the midst of a dense wood. 

The general movement of the sea from east to west between 
the tropics (termed the equatorial or rotation current), is con- 
sidered to be owing to the propagation of tides and to the trade 
winds. Its direction is changed by the resistance it experi- 
ences from the prominent eastern shores of continents. The 
results recently obtained by Daussy regarding the velocity of 
this current, estimated from observations made on the dis- 
tances traversed by bottles that had purposely been thrown 
into the sea, agree within one-eighteenth with the velocity of 
motion (10 French nautical mues, 952 toises each, in 24 hours) 
which I had found from a comparison with earlier experiments.* 
Christopher Columbus during his third voyage, when he was 
seeking to enter the tropics in the meridian of Teneriffe, 
wrote in his journal as foUows : f " I regard it as proved that 
the waters of the sea move from east to west, as do the 
heavens {las aguas van con los cielos), that is to say, like the 
apparent motion of the sun, moon, and stars." 

The narrow currents or true oceanic rivers which traverse the 
sea, hAng warm water into higher and cold water into lower 
latitudes. To the first class belongs the celebrated gulf stream J 

* Humboldt, Belat, hisL, 1 1 p. 64 ; NouveUes Annalea des Vouages, 
1889, p. 256. 

t Humboldt, Examen crit, de Vhist, de la OSogr., t. ill. p. 100. 
Columbus adds shortly after, (Navarrete, Coleccion de loa viages y dc- 
seuhrimientos de los EspanoUs, t. i. p. 260,) that the movement is 
strongest hi the Caribbean sea. In fact, Rennell terms this region, '* not 
a current, but a sea in motion" (Investigation ofOurrents, p. 28). 

t Humboldt^ Examen critique, t. il p. 250; BekU, hist., i, I 
pp. 66-74. 
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which was ImowTi to Anghiera,* and more especially to 
Sir Humphrey Gilbert in the sixteenth c«ntury. Its first 
impulse and origin is to be sought to the south of the Cape of 
Goctd Hope; after a long circuit it pours itself from the Ca- 
ribbean sea and the Mexican Gulf, through the Straits of 
the Bahamas, and following a «ourse li-om äouth- south-west 
to uorth-north-eaat, continues to recede from the shores of the 
United States, until fiirther deflected to the eastward by the 
bonks of Newfoundland, it approaches the European coasts, 
frequently throwing a quantity of tropical seeds {Mivtoia 
scandms, Gitilandina bonduc, Dolichos urens,') on the shores 
of Ireland, the Hebrides, and Norway. The north-eastem 
prolongation tends to mitigate the cold of the ocean, and to 
amehorate the climate on the most northern extremity of 
Scandinavia. At the point where the Gulf stream is deflected 
from the banks of Newfoundland towards the east, it sends off 
branches to the south near the Aaores.f This is the situation 
of the Sargasso Sea, or that great bank of weeds, which so 
vividly occupied the imagination of Christopher Columbus, 
tmd which Oviedo calls the sea-weed meadows. {Praderiaa de 
perva.) A host of small marine animab inhabits these gently 
moved and evei^;reen masses of Fucua nalans, one of the 
most generally distributed of the social plants of the sea. 

The counterpart of this current, (which in the Atlantio 
Ocean between Africa, America, and Europe, belongs almost 
exclusively to the northern hemisphere,) is to be found in the 
South Pacific, where a current prevails, the effect of whoso 
low temperature ou the climate of the adjacent shores, I had 
an opportunity of observing in the autimin of 1802, It brings 
the cold waters of the high southern latitudes to the coast of 
Chili, follows tie shores of this continent, and of Peru, first 
from south to north, and is then deflected from the bay of 
Arica onwards from south-south-east to north-north-west. 
At certain seasons of the year the temperature of this cold 
oceanic current is, in the tropics, only 60° whilst the undis- 
turbed adjacent water exhibits a temperature of Bl^'S and 
SS"'?. On that part of the shore of South America, south of 

• Peüus Martjr de Angliie», De Reims Oceanida el Orbe Noim, Bag., 
1G23, Dec iii. lib, vi, ji. ST. See Hmnboldt, Examea critique, t. iL 
pp. 25i~26T, and t iii, p. 108. 

t Humboldt, Examen erit., t. iii. pp. 61-109. 



1 

I 

I 



314 COSMOS. 

Fayta, which indines farthest westward, the corrent is sod» 
denly deflected in the same direction from the shore, ti^i«pTfig 
so sharply to the west, that a ship sailing northward paases 
suddenly from cold into warm water. 

It is not kxiown to what depth cold and warm oceanic cor« 
rents propagate their motion; but the deflection expenenoed 
by the south African current, from the LaguUas baak, which 
is fully from 70 to 80 fiithoms deep, would seem to imply tiif 
existence of a £ar extending propagaticm. Sand banks and 
shoals lying beyond the line of these currents may, as was &st 
discovered by tike admirable Benjamin Franklin, be recogniied 
by the coldness of the water oyer them. * This depression of 
the temperature appears to me to depend upon the &ct that 
by the propagation of the motion of the sea, deep waters rise 
to the margin of the banks and mix with the upper strata. 
My lamented friend. Sir Humphrey Daiy, ascribed Üiis phenoo 
menon (the knowledge of which is often of great pnu^eal 
utility in securing the safety of the navigator) to the descent 
of the particles of water that had been cooled by noctomal 
radiation, and which remain nearer to idie surface owing to 
the hinderance placed in the way of their greater descent by 
the intervention of sandbanks. By his observations Franklin 
may be said to have converted the thermometer into a sound«" 
ing line. Mists are frequently found to rest over these depths, 
owing to the condensation of the vapour of the atmosphere by 
the cooled waters. I have seen such mists in the south ci 
Jamaica, and also in the Paciflc, defining with sharpness and 
deamess the form of the shoals below them, appearing to 
the eye as the aerial reflection of the bottom of the sea. A 
still more striking effect of the cooling produced by shoab 
is manifested in the higher strata of air, in a somewhat anaLo« 
gous manner to that observed in the case of flat coral ree&, 
or sand islands. In the open sea far from the land, and when 
the air is calm, clouds are often observed to rest over the spots 
where shoals are situated; and their bearing may iheaa. be 
taken by the compass in the same manner as that of a high 
mountain or isolated peak. 

Although the surface of the ocean is less rich in living forpifl 
than that of continents, it is not improbable that on a frirtber 
investigation of its depths, its interior may be found to possess 
a greater richness of organic life than any other portion of cor 
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planet. C3iarles Darwin, in the agreeable nairative of bis 
extensiveToyages, justly remarks that our forests do not conceal 
so many animala as the low woody regions of the oceaji, where 
the sea weed rooted to the bottom of the shoals, and the 
severed branches of fuci ioosened by the force of the waves 
and correnta, and Bwinuning tree, unfold tbcir delicate foliage 
upborne by air-cells.* The appbcatioa of the microscope 
increases, in the most striking mnnner, our impression of the 
rich lusnriance of animal life in the ocean, and reveals to the 
astonished senses a oonsciousncss of tlie imiversoUty of life. 
la the oceanic depths &r exceeding the height of our lofliest 
mountain chains, every stratum of water is animated with 
polygaatric sea worms, cycUdiic, and ophrydinsa. The waters 
Bworm with countless hträts of small lumiuiferous animalcules, 
mommaria (of the order of acnlepbaj), Crustacea, peridi- 
nea, and cinding nereides, which when attracted to the surfaoe 
by pecuUar meteorological conditiona, convert every wave into 
a foaming band of flashing li^t. 

The abundance of these marine animalcules, and the animal 
matter yielded by their rapid denomposition, are so vast that 
tlie sea water itself becomes a nutrient fluid to many of the 
lai^er animals. However much this richness in animated 
forms, and this multitude of the moat various and highly 
developed nncroscopic organisms may agreeably excite the 
fancy, the imagination is even more seriously and I might say 
more solemnly moved by the impression of boundlessness and 
immeasurability, which are presented to the mind by every 
sea voyage. All who possess an ordinary degi'ee of mental 
activity, and debght to create to themselves an inner world 
of thought, roust be penetrated with the sublime image of the 
infinite,whengazingaround them on the vast and boundless sea, 
when involuntarily the glance is nttracted to the distant horizon 
where air and water blend together, and the stars continually 
rise and set before the eyes of the mariner. Tliis contem- 
plation of tbo eternal play of tbe elements is clonded, like 
every Inunon joy, by a touch of sadness and of longing. 

A pecubar predilection for the sea, and a grateful 

" [Bee Straeture and Dütribwliitii qf Coral Be^a, Ijy CharleB Darwin, 
London, 1842. Alw, Narratwi qf the Survej/iJig voyage qf HJ^,S. 
" Fly," in Ihe Eaetem Archipelago, duriug the ffcor« 18*2—1848, l- 
J, B. Jukos, NaturalUt to tho expedition, iSi7.}—Tr. 
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brance of the impression which it has excited in my mind, when 
I have seen it in the tropics in the cahn of nocturnal rest, oi 
^n the fury of the tempest, have alone induced me to speak of 
the individual enjoyment afforded by its aspect before 1 
entered upon the consideration of the &Tourable influence 
which the proximity of the ocean has incontroyertibly exer- 
cised on the cultivation of the intellect and character of many 
nations, by the multiplication of those bands which ought to 
encircle the whole of humanity, by affording additional means 
of arriving at a knowledge of the conflguration of the earth 
and furthering the advancement of astronomy, and of all other 
mathematical and physical sciences. A portion of this influ- 
ence was at first Hmited to the Mediterranean and the shores 
of south-western AMca, but from the sixteenth century it has 
widely spread, extending to nations, M'ho live at a distance 
from the sea in the interior of continents. Since Columbus 
was sent to " imchain the ocean,"* (as the imknown voice 
whispered to him in a dream when he lay on a sick-bed near 
the River Belem) man has ever boldly yentured onward towards 
the discovery of imknown regions. 

The second external and general covering of our planet, the 
aerial ocean, in the lower strata, and on the shoals of which 
we live, presents six classes of natural phenomena, which 
manifest the most intimate connection with one another. They 
are dependent on the chemical composition of the atmosphere, 
the variations in its transparency, polarisation, and colour, its 
density or pressure, its temperature and humidity, and its 
electricity. The air contains in oxygen the first element of phy- 
sical animal life, and besides this benefit it possesses another 
which may be said to be of a nearly equally high character, 
namely, that of conveying soimd — a faculty by which it like- 
wise becomes the conveyer of speech and the means of com- 
mimicating thought, and consequently of maintaining social 

* The voice addressed him in these words, '* Karavillosamente Dies 
hizo sonar til nombre en la tierra ; de los atamientos de la mar Oceana, 
que estaban cerrados con cadenas tan fuertes, te did las llaves" — " God 
will cause thy name to be wonderfully resounded through the earth, and 
give thee the keys of the gates of the ocean, which are closed with 
strong chains." The dream of Columbus is related in the letter to the 
Catholic monarchs of July the 7th, 1503 (Humboldt« Examen critiqtis, 
t ill p. 284.) 
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intercourse. If the Earth were deprived of an atmosphere, as 
we suppose our moon to be, it -would present itself to our 
ünegination as a soundless desert. 

The relative quantities of the substances composing the 
strata of air accessible to us have since the beginning of the 
nineteenth century, become the object of investigationa, in 
■which (Jay-Lussac and myself have taken an active part; it 
is, however, only very recently that the admirable labours of 
Dumas and Boussingault have by now and more accurate 
methods, brought the chemical analysis of the atmosphere to 
a high degree of perfection. According to this analysis, a 
volume of dry air eontaina 20-8 of oxygen and 79'2 of nitrogen, 
besides irom two to five thousandth parts of carbonic acid 
gas, a still smaller quantity of carburetted hydr<^en gas,* 
and, according to the important esperiments of Sauasure and 
Liebig, traces of ammoniacal vapours,| from which plants 
derive their nitrogenous contenta. Some observations of Lewy 
render it probable that the quantity of oxygen varies percep- 
tibly, although but slightly over the sea, and in the interior 
of contiaents, according to local conditions, or to the seasons 
of the year. We may easily conceive that changes in the 
oxygen held in solution in the sea, produced by microscopic 
ammal organisms, may be attended by alterations in the 
strata of air in immediate contact with it.f The air which 
Martins collected at Faulborn at an elevation of 8767 feet, 
contained as much oxygen as the air at Piiris.§ 

The admixture of carbonate of ammonia in the atmosphere, 

* BonsBingault, Sedierdies aur la composition de [Aimotphtrt, in 
Vks> AnnaUa de CAimie ei de Wi/siffuE, t. Ivii. 1834, pp. 171-173; and 
Ixii 1839, p. 116. AccordiDg to BouBÜngBuU andLew;, the propor- 
Uoa of catbooic acid in the atmoBphere at Audill;, at a dietance, there- 
Ibre, frosa the exhalationa of a cit;, varied only betneea O'0DD28 aod 
O'OOOSl in volome. 

f Liebig, ia hie important vork, entitled, Die orgaaieehe Chemie in 
ihrer AniBendaitg auf Agricidlur und PKyiiolagie, 1840,«. 62-73. On 
tie influeQKB of itmoapherio electricitj in the production of nitrate of 
ammonia, vhich coming into eontant with carltonate of lime, ia changed 
into (STbonate of ammonia, see Boussinganlt'g Economie Turaie cotm- 
dfrie dann se« rappmi« avec la, Chiinie et la XtUorologie, 1844, t. Ü. 
pp. 247, 267, and t. i. p. 84. 

t Lewy, in the Comptea rendiis deVAcad. dtt Scienta, t. xvii pt 2, 
pp. 335-248. 

% Dmnu, in the Aratakt de Chiinie, Ze Sine, t ilL 1811, p. 2Cf. 
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may probably be ccmsidered as older than the existenoe of 
organic beings on the sur&ce of the earth. The sources ioeam 
which carbonic acid* may be yielded to the atmosphere, aie 
most nximerous. In the first place we woidd mention the 
respiration of animals» who receive the carbon, which tiiey 
inhale from vegetable food, whilst vegetables receive it from, 
the atmosphere ; in the next place, carbon is supplied from the 
interior of the earth in the vicinity of exhausted volcanoes and 
thermal springs, from the decomposition of a small quantity of 
carburetted hydrogen gas in the atmosphere, and from the dec- 
trie discharges of douds, which are of such frequent occurrence 
within the tropics. Besides these substances which, we hate 
considered as appertaining to the atmosphere, at all heighti 
that are accessible to us, &ere are others accidentally mixed 
with them, especially near the ground, which sometimes in 
the form of miasmatic and gaseous contagia, exercise a nozLons 
influence on animal organisation. Their diemical nature has 
not yet been ascertained by direct analysis ; but from the ooii* 
sideration of the processes of decay which are perpetually 
going on in the animal and v^etable substances with whid^ 
the surface of our planet is covered, and judging from analo- 
gies deduced from the domain of pathology, we are led to 
infer the existence of such noxious local admixtures. Ammo- 
niacal and other nitrogenous vapours, sulphuretted hydrogen 
gas, and compounds analogous to the polybasic ternary and 
quaternary combinations of the vegetable kingdom, may pro- 
duce miasmata,f which under various forms may generate 
ague and typhus fever (not by any means exclusively on wet 
marshy ground, or on coasts covered by putrescent moUusca, 
and low bushes of Rhizophora mangle and avicennia.) Fogs, 
which have a peculiar smell at some seasons of tiie year, 
remind us of these accidental admixtures in the lower strata 

* In this enumeration, the exhalation of carbonic acid by plants 
during the night, whilst they inhale oxygen, is not taken into account, 
because the increase of carbonic acid from this source is amply counter- 
balanced by the respiratory process of plants during the day. See Boussin- 
gault's Econ. rurale, t. i. pp. 53-68, and Liebig^s Organische Chemie, 
8. 16, 21. 

t Gay-Lussac, in Annates de Chimie, t. liii. p. 120 ; Payen, MSm. 
8ur la composition chimique des VSg^taux, pp. 36, 42 ; Liebig, Org» 
Chemie, a. 229-345 ; Boussingault, JE^cow. rurcUe, t. i. pp. 142-153. 
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of the atmosphere. Winds and currents of air caused by the 
heating of the ground even carry up to a considerable elevation 
solid substances reduced to a fine powder. The dust which 
darkens the air for an extended area and falls on the Cape 
Verd Islands, to which Darwin has drawn attention, contains, 
according to Ehienbei-g's discovery, a host of aiiiceoua shelled 
infusoria. 

As principal fbatures of a general dcacriptivc picture of 
the atmosphere, we may enumerate: — 

1. X'ariations of atmospheric pressure: to which belong the 
horary oscillations, occurring wdth such regularity in 1' 
tropics, where they produce a kind of ebb and flow in 1 
atmosphere, which cannot be ascribed to the attraction of the 
moon,* and which differs so considerably according to geogra- 
phical latitude, the seasons of the year, and the elcTaiion above 
the level of the sea. 

2. Climatio distribution oflieat, which depends on the relative 
position of the transparent and opaque mas^s (the fluid and 
solid potts of the Burface of the earth) and on the hypsome- 
trical configuratioa of continenta — relations which determine 
the geographical position and cun-aturo of the isothermal 
lines (or curves of equal mean annual temperature) both in a 
horizontal and rerticai direction, or on a luiifbrm pla:ie, or in 
difibrent superposed strata of air. 

3. 2Äe distribution of the humidity of the atmosphere. The 
(Quantitative relations of the humidity depend on the diAbr- 
eiices in the solid and oceanic surfaces — on the distance from 
the equator and the level of the sea — on the form in which the 
aqueous vapour is precipitated, and on the connection exist- 
ing between these deposita and the changes of temperature, 
and the direction and succession of winds. 

4. TJie eleciric condilion of the atmosphere. The primary 
cause of this condition, when the heavens are serene, is still 

• Bonvard, by the application ol the fonnulie, in 1827, which liapiioo 
had dcpoEited wilh Üie Boftrd of Loogilude ahorüy before his death, 
found liiDit the portion ot (he homy awllliitioiia of tho presBure of tlie 
atmMphoie, which dapeads on the attraction of Uis moon, i^aonot raise 
the mercury in the biiromet«! al Paris more than (he 0*01 S of a milli- 
ms^ ; whilst eleven ysara' oliuirvaLions nt Ihe name place shoiF the 
mttta harometric oscillatiDD, from 9 a.ii. to S p.m., ta Ijs OTSä millim., 
and from 3 p.m. to 9 p.m., 0'S73 milliin. ; see JUimoirti de iAcai, cJM 
ÄdencM, t vii. 1827, p. m. 
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much contested. Under this head we must consider the rek- 
tion of ascending vapours to the electric charge and the form 
of the clouds according to the different periods of the day and 
year, the difference hetween the cold and warm zones of the 
earth, or low and high lands; the frequency or rarity ci 
thimder storms, their periodicity and formation in summer 
and winter; the causal connection of electricity with the in- 
frequent occurrence of hail in the night, and with the pheno- 
mena of water and sand spouts, so ably investigated by Peltier. 

The horary oscillations of the barometer which in the 
tropics present two maxima, (viz., at 9 or 9^ A.K., and 10^ or 
lOf P.M., and two minima at 4 or 4^ p.m., and 4 a.m., occur- 
ring, therefore, in almost the hottest and coldest hours,) have 
long been the object of my most careful diurnal and nocturnal 
observations.* Their regularity is so great, that, in the day- 
time especially, the hour may be ascertained from the height 
of the mercurial column without an error, on the average, of 
more than fifteen or seventeen minutes. In the torrid zones 
of the New Continent, on the coasts as well as at elevations 
of nearly 13,000 feet above the level of the sea, where the 
mean temperature falls to 44'*-6, I have found the regu- 
larity of the ebb and flow of the aerial ocean undisturbed by 
storms, hurricanes, rain, and earthquakes. The amount of 
the daily oscillations diminishes from 1*32 to 0-18 French 
lines from the equator to 70° north latitude, where Bravais 
made very accurate observations at Bosekop.f The supposi- 
tion, that much nearer the pole the height of the barometer is 
really less at 10 a.m. than at 4 p.m., and consequently that 
the maximum and minimum influences of these hours are 
inverted, is not confirmed by Parry's observations at Port 
Bowen (73° 14'). 

The mean height of the barometer is somewhat less imder 

* Observations faitea pour constater la marche des variations 
horaires du Baromitre soils lea Tropiqties, in my Relation historique 
du Voyage avx Bigions JSquinoxiales, t. iii. pp. 270-813. 

+ Bravais, in Kaemtz and Martins, Mitiorologie, p. 263. At Halle 
(51 ° 29' N. lat.), the oscillation still amounts to 0*28 lines. It would seem 
that a great many obserrations will be required, in order to obtain results 
tüat can be trusted in regard to the hours of the mftTim iiw^ and mini- 
mum on mountains in tiie temperate zone. See the observations of 
horary variations, collected on the Faulhom in 1832, 1841, and 1842. 
(!Maitizi£^ Mmjrohgi^y p. 254.) 
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le Equator and in the tropics, owing to tlie effect of the 
rising current,* than in the temperate Kones, and it appeaw 
to attain its maximum in Western Europe hetween the paral- 
lels of 40° and 45°. If with Kanitz we connect together by 
itobaromeCric lines those places wliich present the same mean 
diSference between the monthly extremes of the barometer, we 
shall have curves whose geographical position nnd inflections 
yield important conclusions regEirding the influence exercised 
by the form of the land and the distribution of seas on the 
oseillationa of the atmosphere. Hindostan, with its high moun- 
tain-chains and triangular peninsulas, and the eastern coasts of 
Uie New Continent, where the wai-m gulf stream turns to the 
cast at the Newfoundland banks, exhibit greater iaobarometric 
««illations than do the group of the Antilles and Western 
Europe. The prevailing winds exercise- a principal influenca 
<m the diminution of the pressure of the atmosphere, and this, 
as we have already mentioned, is accompanied, according to 
Daussy, by an elevation of the mean level of the sea.f 

As the most important fluctuations of the pressure of the 
atmosphere, whether occurring with horary or annual regu- 
larity, or accidentally, and then often attended by violence 
and danger,]: are, like all the other phenomena of the wea- 
ther, mainly owing to the heating force of the sun's rays, it 
has long been suggested, (partly according to the idea of 
Lamhert,) that the direction of the wind should be compared 
Tfith the height of the barometer, alternations of temperature, 
and the increase and decrease of humidity. Tables of atmo- 
spheric pressure during different winds, termed barometric 
windroses, afibrd a deeper insight into the connection of 
meteorological phenomena. § Dove has, with admirable 
sagacity, recognised, in the " hiw of rotation" in both hemi- 
apheres, which he himself established, the cause of many 
important processes in the aerial ocean. || The difference of 

* Hmaboltlt, Eisai sur la Oloffraphie de» Planta, 1807, p. 90 ; and 
ilk Bd. hist,, t. ill,, p. 313; and onthecliminutiDn of atmospIieriepreHEiirB 
in the tropical portions of the Atlantic, in Paggsnd. A nnalea der Phy- 
«it, bil. xxiTii. a. 2*5-258, and a. 488-486. 

+ Danssy, in the Compta renrfu«, t. iii. p. 136. 

t Dove, tJeber die Stürme, in Poggend, Anmäen, bd, Iii. s. 1. 

g Leopold von Buch, BarometriacAe Windrose, in Abliaruil. rfep 
Akad. der Winn, zu Berlin am den J. 1818-1818, a. 187. 

U See Dave, McUoroiogiiche Unlermchungen, 1837, s. 99-343 ; and 
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temperature between the equatorial and polar r^iong 
engenders two opposite currents in the upper strata ctf the 
atmosphere, and on the Earth's sur&ce. Owing to the dif« 
ference between the rotatory yelocity at the poles and at the 
equator, the polar current is deflected eastward, and the 
equatorial current westward. The great phenomena of atmo- 
spheric pressure, the warming and cooling of the strata of 
air, the aqueous deposits, and even, as Dove has coirectiy 
represented, the formation and appearance of donds, alike 
depend on the opposition of these two cuirents, on the 
place where the upper one descends, and on the displacement 
of the one by the other. Thus the figures of the cloudi^ 
which form an animated part of the charms of a landscape, 
announce the processes at work in the upper regions of the 
atmosphere, and, when the air is calm, the donds will often 
present, on a bright summer sky, the '* projected image " d 
the radiating soil below. 

Where this influence of radiation is modified by the lektifs 
position of large continental and oceanic snr&ces, as between 
the eastern shore of Africa and the western part of the Indian 
peninsula, its cflects are manifested in the Indian monsoons^ 
which change with the periodic variations in the sun's decH* 
nation*, and which were known to the Greek navigators 

the excellent observations of Eämtz on the descent of the west wind of 

the upper current in high latitudes, and the general phenomena of the 

direction of the wind, in his Vorlesungen über Meteroiogie, 1840, 

8. 58-66, 196-200, 327-336, 353-364; and in Sehmnacher's Jahrbuch 

ßir 1838, s. 291-302. A very satisfiEtctory and vivid r^resentstkn 

of meteorological phenomena is given by Dove, in his small work 

entitled Witterungsverhältnisse von Berlin, 1842. On the knowledge 

of the earlier navigators, of the rotation of the wind, see Churruo, 

Viage al Magellanes, 1793, p. 15; and on a remarkable expression of 

Columbus, which his son Don Fernando Colon has presented to ns in his 

Vida del Almirante, cap. 55, see Humboldt^ JSbsamet» critique de 

VJiist. de Geographie, t. iv. p. 253. 

• Monsun (Malayan, musim, the hippalos of the Greeks,) is derived 
from the Arabic word mattsim, a set time or season of the year, the time 
of the assemblage of pilgrims at Mecca. The word has been applied to 
the seasons at which certain winds prevail, which are besides named 
from places lying in the direction from whence they come ; thus, for 
instance, there is the mausim of Aden, of Gnzerat, Malabar, ke. 
(Lassen, Indische Alterthumskunde, bd. i. 1843, s. 211). On the con- 
trasts between the solid or fluid substrata of the atmosphere, see Dot«^ 
in DcrAbhandl, der Akad, der Wiss, zu Berlin au» dem J, 1842, & ^'i' 
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e of Hippahs. la Üie Itnowledge of the mon- 
soons, which imdoubtedly datea hack thousaads of years 
Bjoongat the inbabiianta of Hindostan and China, of the 
CMtem parts of the Arabian Gulf and of the western shores 
of the Malayan Sea, and in the still mare ancient and inoie 
general acquaintance with land and sea winds, lies concealed, 
as it were, the germ of that meteorological aeienee, which is 
now malting such rapid progress. The long chain of magnetic 
stations extending from Moscow to Pekin, across the whole of 
Northern Asia, will prore of immense importance in deter- 
mining the Imo of the tmnda, since these stations have also, for 
their object, the investigation of general meteorological rela- 
tions. The comparison of observations made at pkces lying 
BO many hundred miles apart, will decide, for instance, whe- 
ther the same east wind blows from the elevated desert of 
Gobi to the interior of Eussia, or whether the direotion of the 
aerial current first began in the middle of the series of the 
stations, by the descent of the air from the higher regiona. 
By means of such observations we may learn, in the strictest 
sense, wAew« the windcometh. If we only take the results on 
which we may depend from those places, in which the obser- 
vations on the direction of the winds have been continued 
more than twenty years, we shall find, (from the most recent 
and carefid calciUations of Wilhelm Mahlmann.) that in the 
middle latitudes of the tempemte zone, in both continents, 
the prevailing aerial current has a west-sonlh-west direction. 

Our insight into the dUtribulton of heal in the atmosphere 
has been rendered more clear since the attempt has been made 
to connect together by lines those places, where the mean 
annual summer and winter temperatures have been ascertained 
by correct observations. The system of isothermal, inotkeral, 
and isochimenal lines, which I ^rst brought into use in 1SI7, 
may. perhaps, if it be gradually perfected by the imited 
efibrts of investigators, serve as one of Üie main fbimdations 
of comparative dimaUihgy. Terrestrial magnetism did not 
acquire a right to be regarded as a science, until jiartial results 
were graphically connected in a system of lines of equal decli- 
nation, equal inclination, and equal intensity. 

The term climate, taken in its most general sense, indicates 
bU tbe changes in the atmosphere, which sensibly affect our 
organs, as temperature, humidity, variations in the bmome- 
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trical pressure, the calm state of the air or the action of oppo- 
site winds, the amount of electric tension, the purity of the 
atmosphere or its admixture with more or less noxious gase- 
ous exhalations, and, finally, the degree of ordinary trans- 
parency and clearness of the sky, which is not only important 
with respect to the increased radiation from the earth, the 
organic development of plants, and the ripening of fruits, but 
also with reference to its influence on the feelings and mental 
condition of men. 

If the surßice of the earth consisted of one and the same 
homogeneous fluid mass, or of strata of rock having the 
same colour, density, smoothness, and power of absorbing heat 
from the solar rays, and of radiating it in a similar manner 
through the atmosphere, the isothermal, isotheral, and isochi- 
menal lines would all be parallel to the equator. In this 
hypothetical condition of the Earth's sur&ce the power of 
absorbing and emitting light and heat would everywhere be 
the same imder the same latitudes. The mathematical consi- 
deration of climate, which does not exclude the supposition 
of the existence of currents of heat in the interior, or in the 
external crust of the earth, nor of the propagation of heat by 
atmospheric currents, proceeds from this mean, and, as it were, 
primitive condition. Whatever alters the capacity for absorp- 
tion and radiation, at places lying under the same parallel of 
latitude, gives rise to inflections in the isothermal lines. The 
nature of these inflections, the angles at which the isothermal, 
isotheral, or isochimenal lines intersect the parallels of latitude, 
their convexity or concavity with respect to the pole of the 
same hemisphere, are dependent on causes, which, more or 
less, modiiy the temperature imder different degrees of 
longitude. 

The progress of climatology has been remarkably favoured 
by the extension of European civilization to two opposite 
coasts, by its transmission from our western shores to a con- 
tinent which is bounded on the east by the Atlantic Ocean. 
When, after the ephemeral colonisation from Iceland and 
Greenland, the British laid the foundation of the first perma- 
nent settlements on the shores of the United States of Ame- 
rica, the emigrants (whose numbers were rapidly increased in 
consequence, either of religious persecution, &naticism, or 
love of freedom, and who soon spread over the vast extent of 
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teiritory lying between the Carolinas, Virginia, and the St. 
Ijiwrettce,) were astonished to find tliorasolvcs exposed to on 
intensity of winter- cold fiir exceeding that which prevailed in 
Italy, France, nnd Scotland, sitiuited in corresponding paral- 
lels of latitude, lint however m\ich a consideration of thesa 
climatic relations may have awakened attention, it was not 
attended by any practical results, until it could be based on 
the numerical data of mean annual temperature, li, between 
58° and 30" north latitude, we compare Nain, on the coast of 
Labrador, with Gotttnhoz^; Halifas with Bordeaux; New 
York with Naples; St. Augustine, in Florida, with Cairo; we 
find that, under the same degrees of latitude, the differences of 
the mean annual temperature between Eastern America and 
Western Europe, proceeding from north to south, are succcs- 
ßively 20°-7, 13°'9, 6''-8, and almost 0°. The gradual decrease 
of the differences in this series extending over 28° of latitude 
is very striking. Further to the south, under the tropics, the 
isothermal lines are everywhere parallel to the equator in 
both hemispheres. We see, from the above examples, that the 
questions often asked in society, how many degrees America, 
(without distinguishing between the eastern and western 
shores,) is colder than Europe? and, how much the mean 
annual temperature of Canada and the United States is lower 
than that of corresponding latitudes in Europe? are, when 
thus generally expressed, devoid of meaning. Here is a sepa- 
rate difference for each parallel of latitude, and without a 
special comparison of the winter and siunmer temperatures of 
the opposite coasts, it will be impossible to arrive at a correct 
idea of climatic relations, in their influence on agriculture and 
other industrial pursuits, or on the individual comfort or dis- 
comfort of mankind in general. 

In emmierating the causes which produce disturbances in 
the form of the isothermal lines, I would distinguish between 
those which raise and those which lower the temperature. 
To the first class belong the proximity of a western coast in 
the temperate zone, the divided configuration of a continent 
into peninsulas, with deeply indented bays and inland seas ; 
the aspect or the position of a portion of the land with refer- 
ence either to a sea of ice spreading far info the polar circle, 
or to a mass of continental land of considerable extent, lying 
in the some meridian, either under the equator or, at least) 
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within a portion of the tropical zone; the preyalence of 
(southerly or westerly winds on the western shore of a conti- 
nent in the temperate northern zone; chains of mnainj autia 
acting as protectmg walls against winds coming troia colder 
regions ; the infrequency of swamps, which, in the spring and 
beginning of summer, long remain covered with ice, and tJie 
absence of woods in a dry, sandy soil; finally, the constant 
serenity of the sky in the summer months, and the Ticinity of 
an oceanic current, bringing water which is of a higher tern- 
perature than that of the surroimding sea. 

Among the causes which tend to lower the mean annual 
temperature I include the following :^-elevation above Ihe 
level of the sea, when not forming part of an extended plain; 
the vicinity of an eastern coast in nigh and middle latitudes; 
the compact configuration of a continent having no littoral 
curvatures or bays ; the extension of land towards the poles 
into the region of perpetual ice, without the intervention of a 
sea remaining open in the winter; a geographical position, in 
which the equatorial and tropical regions are occupied by the 
sea, and, consequently, the absence, under the same meridiao, 
of a continental tropical land having a strong capacity for the 
absorption and radiation of heat; mountain-chains, whose 
mural form and direction impede the access of warm winds; 
the vicinity of isolated peaks, occasioning the descent of cold 
currents of air down their declivities; extensive woods, which 
hinder the insolation of the soil by tiie vital activity of their 
foliage, which produces great evaporation, owing to Üie exten- 
sion of these organs, and increases the surfece that is cooled by 
radiation, acting consequently in a three-fold manner, by shade, 
evaporation, and radiation ; the frequency of swamps or marshes, 
which in the north form a kind of subterranean glacier in the 
plains, lasting till the middle of the summer; a cloudy summer 
sky which weakens the action of the solar rays ; and finally, ft 
very clear winter sky favouring the radiation of heat.* 

The simultaneous action of these disturbing causes, whether 
productive of an increase or decrease of heat, determines, 
as the total eflTect, the inflection of the isothermal lines, 
especially with relation to the expansion and configuration of 

* Humboldt, Becherches /mr les causes des Inflexions des Lignt» 
isothermes, in Asie centr., t. iii. p. 103-114, 118, 122, 188. 
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solid continental mnsses, as compared with tlie liquid o< 
These perturbutionK give rise to convex and concavi; summn« 
of the isothermal curves. There are, however, different 
orders of disturbing causes, and each one must, therefore, be 
considered separately, in order that their total effect may 
afterwards be investigated with reference to the motion (direc- 
tiott, local curvature) of the isothermal lines, and the actions 
by which they are connected together, modified, destroyed, or 
increased in intensitr^, as manifested in the contact and inter- 
section of small oscillatory movements. Such is the method 
by which, I hope, it may some day be possible to connect 
together, by empirical and numeriräHy expressed laws, vast 
Beides of apparently isolated facts, and to exhibit the mutual 
dependence which must necessarüy exist among them. 

The trade winds — easterly winds blowing within the tro- 
pics — give rise, in both temperate zones, to the west, or west- 
Boufh-west winds which prevail in those regions, and which 
are land winds to eastern coasts, and sea winds to western 
coasts, extending over a space which, &om the great mass and 
the sinking of its cooled pai-ticlee, is not capable of any con- 
Biderablo degree of cooling, and hence it follows, that the east 
winds of the Continent must be cooler than the west winds, 
where their temperature is not affected by the occurrence of 
oceanic currents near the shore. Cook's young companion on 
his second voyage of circumnavigation, the intelligent Geot^ 
Porster, to whom I am indebted for the hvely interest which 
prompted me to undertake distant travels, was the first who 
drew attention, in a definite manner, to the cHmatic differ- 
ences of temperature existing in the eastern and western 
c»a3ts of both continents, and to the similarity of temperature 
of the western coast of North America in the middle lati- 
tudes, with that of Western Europe.* Ei-en in northern 
latitudes exact observations show a striking difference between 
the mean annua/ temperature of the east and west coasts of 
America. The mean annual temjiorature of Nain, in Labrador, 
(hit. 57" 10') is fully 6°'6 beloiv the fireezing-point, whilst, on 
the north-west coast, at New Archangel, in Kussian Amerioa, 

" OeoT^ Foreter, Kleine Scliri/ten, tk iii. 1T94, b. 8T ; Dove, fa 
Schoniachcr's Jo/irdficÄ/ßr 1841, ». 269; SSmtz, Meteoralogicbi. iL 
B. 41, 43, 67, and 96 ; Arago, in the Complea read'ue, t. i p, 208. 
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(lat. 57^ 3'), it is 12°*4 above this point. At the first-named 
place, the mean summer temperature hardly amounts to 43°, 
whilst, at the latter place, it is 57°. Pekin (39° 54'), on the 
eastern coast of Asia, has a mean annual temperature of 52°'3, 
which is 9° below that of Naples, situated somewhat further 
to the north. The mean -winter temperature of Pekin is, at 
least, 5" '4 below the freezing-point, whilst in Western Europe, 
even at Paris, (48° 50'), it is nearly 6° above the freezing- 
point. Pekin has also a mean winter cold which is 4° '5 lower 
than that of Copenhagen, lying 1 7° further to the north. 

We have already seen the slowness with which the great 
mass of the ocean follows the variations of temperature in the 
atmosphere, and how the sea acts in equalising temperatures- 
moderating simultaneously the severity of winter and the heat 
of summer. Hence arises a second more important contrast- 
that, namely, between insular and littoral climates enjoyed by all 
tirticulated continents having deeply-indented bays and penin- 
8id£is, and between the climate of the interior of great masses 
of solid land. This remarkable contrast has been fully deve- 
loped by Leopold von Buch in all its various phenomena, both 
with respect to its influence on vegetation and agriculture, on 
the transparency of the atmosphere, the radiation of the soil, 
and the elevation of the line of perpetual snow. In the 
interior of the Asiatic Continent, Tobolsk, Barnaul on the 
Oby, and Irkutsk, have the same mean summer heat as Berlin, 
Munster, and Cherbourg in Normandy; the thermometer 
sometimes remaining for weeks together at 86° or 88°, whilst 
the mean winter temperature is, during the coldest month, as 
low as — - 0°*4 to — 4 . These continental climates have, there- 
fore, justly been termed excessive by the great mathematician 
and physicist, Buffbn ; and the inhabitants who live in coun- 
tries having such excessive climates seem almost condemned, 
as Dante expresses himself, — 

** A Bofferir tormenti caldi e geli.*** 

In no portion of the earth, neither in the Canary Islands, 
in Spain, or in the south of France, have I ever seen more 
luxuriant fruit, especially grapes, than in Astrachan, near the 
shores of the Caspian Sea (46° 21'). Although the mean 
annual temperature is about 48°, the mean summer heat rises 

* Dante, Divina Commedia, Purgatorio, canto ilL 
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to 70°, as at Bordeaus, whilst not only there, but also fiirther 
to the south, as at Kislar on the mouth of the Terek, (in the 
latitude of Avignon and Rimini) the thermometer sinks in the 
winter to — 13° or — 22°. 

Ireland, Guernsey, and Jersey, the Peninsula of Brittany, 
the coasts of Normandy, and of the south of England, present, 
by the mildness of their winters, and hy the low temperature and 
clouded sky »f their summers, the most striking contrast to the 
continental climate of the interior of Eastern Europe. In the 
north-eaHt of Ireland (54° 56'), lying under the same parallel 
of latitude as Königsbei^ in Prussia, the myrtle blooms as 
luxuriantly as in Portugal. The mean temperature of the 
month of August, whiM in Hungary rises to 70°, scarcely 
reaches 61° at Dublin, which is situated on the same isother- 
mal line of 49°; the mean winter temperature, which fiUls to 
about 28° at Pesth, is 40° at Dublin, (whose mean annual 
temperature is not more than 49°); 3°'6 higher than that of 
Milan, Pavia, Padua, and the whole of Lombardy, where the 
mean annual temperature is upwards of 55°, At Stronmess, 
in the Orknep, scarcely half a dt^ree further south than 
Stockholm, the winter temperature is 39°, and consequently 
higher than that of Paris, and nearly as high as that of Lon- 
don. Even in the Faroe Islands, at 62° latitude, the inland 
waters never freeze, owing to the favouring influence of the 
west winds and of the sea. On the charming coasts of Devon- 
shire, near Salcombe Bay, which has been termed, on account 
of the mildness of its climate, the Montpellier of the North, 
the Agave mexicana has been seen to blossom in the open air, 
whilst orange-trees trained agaiust espaliers and only sHghtly 
protected by matting, are found to bear fruit. There, as well 
aa at Penzance and Gosport, and at Chcrboui^ on the coast 
of Normandy, the mean winter temperature exceeds 42°, fall- 
ing short by only 2°'4 of the mean winter temperature of 
MontpeUier and rlorence.* These obserrations will suffice 

* Homboldt, Sur lea Lignea isodt^rTOta, in the Xdirtoirea de Phy- 
tique et de Chimie de la SociilS dArcueii, t. iii., Paris, 1817, pp. iii~ 
186 i Kniglit, in the Tranaactione of the HoHiadtnTcd Society qf 
London, vol, i, p. S2 ; Watson, Ranarka on the Geograpliical Diatribu- 
Hon qf Britiah Planta, IS35, p. 60 ; Trevelyan, in JamioBon's Edin- 
burgh ^ete Phil Jotimal,No, IS, p, 164; M ahl mann , in Lis adnücabla 
Qenonn tranBlation of mf Aaie centrale, th. ii. i. SO 
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to show the important influence exercised on -vegetation and 
agriculture, on the cultivation of fruit, and on the comfort d 
mankind, by differences in the distribution of the same mean 
annual temperature, through the different seasons of the year. 

The lines which I have termed isochimenal and isotheral 
(lines of equal winter and equal summer temperature) are by 
no means parallel with the isothermal lines, (lines of equtü 
annual temperature.) If, for instance, in coiftitries where 
myrtles grow wild, and the earth does not remain covered 
with snow in the winter, the temperature of the simmier and 
autumn is barely sufficient to bring apples to perfect ripeness, 
and if, again, we observe that the grape rarely attains the ripe- 
ness necessary to convert it into wine, either in islands or in 
the vicinity of the sea, even when cultivated on a western coast, 
the reason must not be sought only in the low degree of sum- 
mer heat, indicated, in littoral situations, by the thermometer 
when suspended in the shade, but likewise in another cause 
that has not hitherto been sufficiently considered, although it 
exercises an active influence on many other phenomena, (as, 
for instance, in the inflammation of a mixture of chlorine and 
hydrogen,) namely, the difference between direct and diffiised 
light, or that which prevails when the sky is clear, and when 
it is overcast by mist. I long since endeavoured to attract the 
attention of physicists and physiologists* to this difference, 
and to the unmeasured heat which is locally developed in the 
living vegetable cell by the action of direct light. 

If, in forming a thermic scale of different kinds of cultiva- 
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Heec de temperie aeris, qui terram late circumfandit, ac in quo, 
longe a solo^ instrumenta nostra meteorologica suspensa habemus. Sed 
alia est caloris vis, quern radii solis nullis nubibus velati, in foliis ipsis 
et fructibus maturescentibus, magis minusve coloratis, gignunt, qnexn- 
qnC; ut egregia demonstrant experimenta amicifisimorum Gay-Lussacii et 
Thenardi do combustione chlori et hydrogenis, ope thermometri metiri 
nequis. Etenim locis planis et montanis, vento libe spirante, circumfusi 
aeris temperies eadem esse potest coelo sudo vel nebuloso; ideoque 
ex observationibus solis thermometricis, nullo adhibito Photometro, 
baud cognosces, quam ob causam Gallias septentrionalis tractus Armo- 
ricanus et Nervicus, versus littora, coelo temperato sed sole raro utentia, 
Vitem fere non tolerant. Egent cnim stirpes non solum caloris stimulo, 
sed et lucis, queB magis intensa locis excelsis quam planis, duplici 
modo plantas movet, vi sua tum propria, tum calorem in supei^cie 
eanim excitante." — Humboldt, De dietribiUione geographica plwnr 
tarum, 1817, p. 163-164. 
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tion,* we begin with those plants which require the hottest 
climate, as the vanilla, the ciLcao, banana, and cocoa nut, 
and proceed to pine apples, the sugar caoe, coäec, fruit-bear- 
ing date trees, tiie cotton tree, citrons, olives, edible chesnuts, 
and vines producing potable wine, an exact geographical eon- 
sideration of the limits of cultivation, both on plains and on 
the decli?itieB of mountains, will teach us that other climatic 
relations besides those of mean annual temperature are in- 
Tolved in these phenomena. Taking an example, for instance, 
from the cultivation of the vine, we find that, in order to pro- 
cure polable wine.f it is requisite that the mean annual heat 

• Hnmboldt, op. cit., pp. 158-161 ; Meyen, in hia GrundrÜB der 
PßaTOengeographie, 1S3€, a. 379-467 ; BouaÜngSiillt, Eaynomie mrale, 
t. ii. p. 676. 

■^ The following table illuetjatea the cultivation of the vino in Europe, 
and also the depreciation of its prodn cb according; to eliniatic relations. 
See my Asie centrale, i. iii. p. 169. The examples quoted in the text 
for Bordeani and Potadam, sre, in respect of numericnl retstioo, alike 
■ppUcable to the countries of the Rhine and Maine (43" 35' to S0° T' N. 
lot.). Cherbmu^ in Normandy, and Ireland, show in the mast re- 
markable manner how, with tlienu&l relations Tery nearly similar to 
those prevailing in the iDtorior of the Continent, (as «stimatcd by tho 
thermometer in the shade,) the resnlta are, ncTerthclosB, extremely 
difTerent, ag regards tbe ripenees or the unripeness of the fruit of tho 
vine ; this di^crenee undoubtedly depending on the circumsbince, 
whether the vegetation of the plant proceeds under a bright aannj sky. 
or under a sky chat ia tabituallj obstmred by clouds ; — 
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fihould exceed 49®, that the winter temperature should he 
upwards of 33®, and the mean summer temperature upwards 
of 64°. At Bordeaux, in the yalley of the Garonne (44° 5tf 
lat.), the mean annual winter, summer, and autumn tempera- 
tures are respectively 57°, 43°, 71°, and 58°. In the plains 
near the Baltic (52° Sff lat.), where a wine is produced that 
can scarcely be consideredpotable, these numbers are follows: 
47°-5, 31°, 63°-7, and 47*-5. K it should appear strange 
that the great differences indicated by the influence of climate 
on the production of wine should not be more clearly mani- 
fested by our thermometers, the circumstance will appear less 
singular, when we remember that a thermometer standing in 
the shade, and protected from the effect of direct insolation 
and nocturnal radiation cannot, at all seasons of the year, and 
during all periodic changes of heat, indicate the true superfi- 
cial temperature of the ground exposed to the whole effect of 
the sun's rays. 

The same relations which exist between the equable littoral 
climate of the peninsula of Brittany, and the lower winter and 
higher sunmier temperature of the remainder of the continent 
of France, are likewise manifested, in some degree, between 
Europe and the great continent of Asia, of which the former 
may be considered to constitute the western peninsula. 
Eui'ope owes its milder climate, in the first place, to its posi- 

The great accordance in the dlstribntion of the annual temperature 
through the different seasons, as presented by the results obtained for the 
valleys of the Bhine and Maine, tends to confirm the accuracy of these 
meteorological obserrations. The months of December, January, and 
February, are reckoned as winter months. When the different quali« 
tics of the wines produced in Franconia, and in the countries around the 
Baltic, arc compared with the mean summer and autumn temperature 
of WUrzburg and Berlin, we are almost surprised to find a differenoe of 
only about two degrees. The difference in the spring is about four 
degrees. The influence of late May frosts on the flowering season, 
and after a correspondingly cold winter, is almost as important an 
element as the time of the subsequent ripening of the grape, aud the 
influence of direct, not difiiised, light of the unclouded sun. The 
difference alluded to in the text, between the true temperature of the 
surface of the ground and the indications of a thermometer suspended 
m the shade, and protected from extraneous influences, is inferred by 
Dove, from a consideration of the results of fifteen years' observatioDS 
made at the Chiswick Gardens; see Dove, in Bericht Über die VerhcrndL 
der Berl. AJcad. der Wies,, August^ 1844^ s. 285. 
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tion with respect to Africa, whose wide extent of tropical land ' 
IS favourahle to the ascending current, while tiie equatorial 
region to tlie south of Asia is almost wholly oceanic; and 
next to its deeply-articulated configuration, to the vicinity of 
the ocean on its western shores ; aad lastly, to the existence 
(^an open sea, which hounds its northern confines. Europe 
would, therefore, become colder* if Africa were to he otct- 
flowed hy the ocean ; or if the mythical Atlantis were to arise 
and connect Europe with North America; or if the gidf 
Btream were no longer to difiiiae the warming influence of its 
■waters into the North Sea; or if, finally, another mass of 
solid land should be upheaved by volcanic action, and int«r< 
posed between the Scandinavian peninsula and Spitzhergen. 
If we observe that in Europe the mean annual temperature 
&lls, as we proceed, from west to east, under the same paral- 
lel of latitude, fiflm the Atlantic shores of France Ihroi^h 
Germany, Poland, and Russia, towards the UraUaii mountains, 
the main cause of this phenomenon of increasing cold must be 
Bought in the form of the continent, (which becomes less 
indented, and wider, and more compact as we advance,) in the 
increasing distance from seas, and in the diminished influenco 
of westerly winds. Beyond the Uralian mountains these 
winds are converted into cool Lmd-winds, blowing over 
extended tracts covered with ice and snow. The cold of 
western Siberia ia to be ascribed to these relations of con- 
figuration and atmospheric currents, and not — as Hippocrates 
and Trt^s Pompeius, and even celebrated travellers of the 
eighteenth century conjectured — to the great elevation of the 
9od above the level of the sca.t 

If we pass from the differences of temperature manifested 
in the plains to the inequalities of the polyhedrio fonn of the sur- 
fiicc of our planet, we shall have to consider mountains either 
in relation to their influence on the chmatc of neighbouring 

' See my memoir, Ueber die Haupt-Ursarhm der Tempf.raiureeT- 
tchiedenlieit a«f der Erdoberßäclie, in üib Abhandl. der Äkad. der 
WisBeiiKh. zu Berlin von dem JaJira ISST, s. 311. 

+ The geueral level of Silneria, from Tobolsk, Tomak, and Bamoul, 
from (ha Altai mountains to the Polar Sea, ia not so high aa that of 
Maaheim and Dresden ; indecd Irkutsk, far to the east of the Jenisei, U 
only 1330 feet ahove the level of the sea, ot about one-third lower 
thaa Munich, 
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'TBlleyB, or accoTcling to the effects of the hypBometrical relatiofui 
on their own summits, which often spread into eleyated pla- 
tetnx. The diyision of momitains into chains separates the 
earth*s surface into diflferent hasins, which are often nantyir 
and walled in, forming canldron-like valleys, and (as in Grreeoe 
and in part of Asia Minor) constitute an indiyidual local di« 
mate with respect to heat, moisture, transparency of atmo- 
sphere, and frequency of winds and storms. Thase circnm- 
stances have, at all times, exercised a poweiful influence on 
the character and cultivation of natural products, and on the 
manners and institutions of neighbouring nations, and even 
on the feelings with which they regard one another. This 
character of geographical indwidwdUy attains its maximum^ 
if we may be allowed so to speak, in countries where the dif- 
ferences m the configuration of the soil are the greatest possi^ 
ble, either in a vertical or horizontal direction, both in relief 
and in the articulation of the continent. The greatest oofOf 
trast to these varieties in the relations of the surüeu» of the 
earth are manifested in the Steppes of Northern Asia, tbe 
rarassy plains (savannah», llanos, and pampas) of the New 
Continent, the heaths {Ericeta) of Europe, and the sandy and 
stony deserts of Africa. 

The law of the decrease of heat with the increase of eleva- 
tion at different latitudes is one of the most important subjects- 
involved in the study of meteorological processes, of the 
geography of plants, of the theory of terrestrial refraction, 
and of the various hypotheses that relate to the determina- 
tion of the height of the atmosphere. In the many moun- 
tain journeys which I have undertaken, both within and 
without the tropics, the investigation of this law has always 
formed a specitd object of my researches.* 

Since we have acquired a more accurate knowledge of the 
true relations of the distribution of heat on the surface of the 
earth, that is to say, of the inflections of isothermal and iso- 
theral lines, and their imequal distance apart in the different 
eastern and western systems of temperature in Asia, central 
Europe, and North America, we can no longer ask the 

* Humboldt; Becueil (TOhservcUiona astronomdquea, t, i. pp. 126-140; 
RUation hütorigue, t, i. pp. 119, 141, 227; Biot, in Contuiiaaance d» 
temps pour Van 1841, pp. 90-109. 
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general question — wbat fraction of the mean annual or summer 
temperature corresponds to the di&rence of one degree of 
geographical latitude, taken in the same meridian ? In ca^h 
system of isothermal lines of equal curvature there reigna a 
dose and necessary connection, between three elementa; 
namely, the decrease of heat in a Tertieal direction from 
below upwards; lie difference of teraperature for everyone 
degree of geographical latitude; and the uniformity in the 
mean temperature of a mountain station, and the latitude 
of a point situated at tike level of the sea. 

In the system of eastern America the mean annual tempe- 
rature, from the coast of Labrador to Boston, changes 1°'6 
for every d^:ree of latitude ; from Boston to Charleston about 
1°'7; from Ciharleston to the tropic of Cancer, in Cuba, the 
-miation is less rapid, being only 1°'2. In the tropics this 
diminution is so much greater, that from the Havana to 
Cumana the variation ia less thaa 0°-4 for every degree of 
latitude. 

The case is qtiite different in tie isothermal system of cen- 
tral Europe. Between the parallels of 38" and 71° I found 
that the decrease of temperature was very regularly 0'''9 for 
every degree of latitude. But as, on the other band, in Cen- 
tral Europe Üie decrease of heat ia l^'S for about every 534 
feet of vertical elevation, it follows that a difference of eleva- 
tion of about 267 feet, corresponds to the difference of one 
degree of latitude. The same mean annual temperature as 
that occurring at the Convent of St. Bernard, at an elevation 
of 8173 feet, in lat. 45° öO', should, therefore, be met ivith 
at the level of the sea in lat. 75° 50'. 

In that part of the Cordillenis which fUls within the tropics 
the observations I made, at various heights, at an elevation of 
upwardsof 19, 000 feet, gave a decrease of 1° for every 341 feet; 
Md my friend, Bonssingault, foimd, thirty years afterwards, 
lU a mean result 319 feet. By a comparison of places in the 
Cordilleras, lying at an equal elevation above the level of the 
Bea, either onthedeclivitiesof the mountains, or even on exten- 
■ive elevated plateaux, 1 observed that, in tite latter, there was 
an increase in the annual temperature, varying from 2°'7 to 
4°'l. This difference would be still greater if it were not for 
the cooling effect of nocturnal radiation. As the different 
climates are arrangi^d in. successive strata, the one above the 
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other, from the cacao woods of the valleys to the region 
of perpetual snow, and as the temperature in the tropics 
varies but little throughout the year, we may form to our- 
selves a tolerably correct representation of the climatic rela- 
tions to which the inhabitants of the large cities in the Andes 
are subjected, by comparing these climates with the tempera- 
tures of particukr months in the plains of France and Italy. 
While the heat which prevails daily on the woody shores of 
the Orinoco exceeds, by 7° -2, that of the month of August at 
Palermo, we find, on ascending the chain of the Andes, at 
Popayan, at an elevation of 5826 feet, the temperature of the 
three summer months of Marseilles ; at Quito, at an elevation of 
9541 feet, that of the close of May at Paris; and on the Para- 
mos, at a height of 11,510 feet, where only stunted Alpine 
shrubs grow, though flowers still bloom in abundance, that of 
the beginning of April at Paris. The intelligent observer, 
Peter Martyr de Anghiera, one of the friends of Christopher 
Columbus, seems to have been the first who rec(^nised (in the 
expedition undertaken by Kodrigo Enrique Colmenares, in 
October 1510), that the limit of perpetual snow continues to 
ascend as we approach the equator. We read, in the fine 
work. De rebus Oceanicis,* " the River Gaira comes from a 
mountain in the Sierra Nevada de Santa Marta, which, 
according to the testimony of the companions of Colmenares, is 
higher than any other mountain hitherto discovered. It 
fnust, undoubtedly, be so if it retain snow perpetuallt/ in a 
zone which is not more than 10° from the equinoctial line." 
The lower limit of perpetual snow, in a given latitude, is the 
lowest line at which snow continues during summer, or, ui 
other words, it is the maximum of height to which the snow 
line recedes in the course of the year. But this elevation must 
be distinguished from three other phenomena: namely, the 
annual fluctuation of the snow line ; the occurrence of sporadic 
falls of snow ; and the existence of glaciers, which appear to 
be peculiar to the temperate and cold zones. This last phe- 
nomenon, since Saussure's immortal work on the Alps, has 
received much light, in recent times, from the labours of 

* Anglerius, De rebus OceanidSf Dec 11, lib. ii. p. 140 (ed. Col., 
1574). In the Sierra de Santa Marta, the highest point of which 
appears to exceed 19,000 feet, (see my BikU, hist,, 1 11. p. 214,) there is 
ft peak that is still called Pico de Gaira. 



Venetz, Charpentier, and the intrepid and perserering observer 
Apiasiz. 

\Ve know only the loiver and not the upper limit of per- 
petual snow, for the mountains of the earth, do not attain to 
those ethereal regions of the rarifiod and dry strata of air in 
which we may suppose, with Bouguer, that the vesicles of aque- 
ous vapour are converted into crystals of ice, and thus rendered 
perceptible to our organs of sight. The lower limit of snow is 
not, however, a mere function of geographical latitude, or of 
mean annual temperature ; nor is it at the equator, or even in 
the region of the tropica, that this Uiuit attains its greatest 
elevation above the level of the sea. The phenomenon of 
■which we are treating is extremely complicated, depending on 
the general relations of temperature and humidity, and on the 
form of mountains. On submitting these relations to the test 
of special analysis, as we may he permitted to do from the 
ntunber of determinations that have recently been made,* 
we shall find that the controlling causes are the differences 
in the temperature of different seasons of the year; the direc- 
tion of the prevailing winds and their relations to the land 
and sea; the degree of drj-ness or humidity in the upper 
strata of the air; the absolute thickness of the accumulated 
masses of iällen snow; the relation of the snow-line to the 
tcrta) height of tiie mountain ; the relative position of the latter 
ill the chain to which it belongs, ond the steepness of its 
declivity; the vicinity of other summits likewise perpetually 
covered with snow; the expansion, position, and elevation of 
the plains from which the snow-m-ountain i-ises as an isolated 
peak, or as a portion of a chain; whether this p in in be part 
of the sea coast, or of the interior of a continent; whether it be 
covered with wood, or waving grass; and whether, finally, it 
consist of a dry and rocky soil, or of a wet and marshy 
bottom. 

'iTie snow-line which, under the equator in South America, 
attains an elevation equal to that of the summit of Mont 
Blanc in the Alps, and descends, according ta recent mea- 
surements, about 1023 feet lower towards the noilbem tropic 
in the elevated plateaux of Mexico (in 19° north latitude), 

* See my table of the height of the line of perpetual anov. In boUi 
hejniÄphcrCiB,froinI'l''15'N, Int. to SB° SI'S. 1st, in.isijÄaUiXiiWtäit, 
t. iU. p. £60. 
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rises, according to Pentiand, in the southern tropical zoiie 
(14° 30' to 1 8° south latitude), being more than 2665 feet higher 
in the maritime and western branch of the Cordilleras of 
Chili, than under the equator near Quito on Chimborazo, 
Cotopaxi, and Antisana. Dr. Gillies even asserts that much 
further to the south, on the declivity of the volcano of Peu- 
quenes (latitude 33®), he found the snow-line at an elevation of 
between 14.520 and 15,030 feet. The evaporation of the snow 
in the extremely dry air of the summer, and imder a cloudless 
sky, is so powerful, that the volcano of Aconcagua, north-east 
of Valparaiso (latitude 32° 30'), which was found in the expe- 
dition of the Beagle to be more than 1400 feet higher than 
Chimbonizo, was on one occasion seen free from snow.* In 
an almost equal northern latitude (from 30° 45' to 3 1*') the 
snow-line on the southern declivity of the HimalayE, lies 
at an elevation of 12,982 feet, which is about the sanie as tiie 
height which we might have assigned to it frt>m a comparison 
witib other mountain chains ; on the northern declivity, how- 
ever, imder the influence of the high lands of Thibet (whose 
mean elevation appears to be about 11,610 feet), the snowline 
is situated at a height of 16,630 feet. This phenomenon, which 
has long been contested both in Europe and in India, and 
whose causes I have attempted to develope in various works, 
published since 1820,f possesses other grounds of interest 

* Darwin, Journal of the Voyages of the Adventure and Beagle^ 
p. 297. As the yolcano of Aconcagua was not at that time ia a state of 
eraption, we must not ascribe the remarkable phenomenon of the 
absence of snow to the internal heat of the mountain (to the escape of 
heated air through üssures}, as is sometimes the case with Cotopaxi 
Gillies, in the Journal of Natural Science, 1830, p. 316. 

•I' See my Second MSmoire aur les Montagnes de VInde, in the 
Annales de Chimie et de Physique, t. xiv. pp. 5-55; and Asie centrale, 
t. iii. p. 281-327. Whilst the most learned and experienced trayelleis 
in India, Colebrooke, Webb, and Hodgson, Victor Jacquemont, Forbes 
Royle, Carl von Hügel, and Vigne, who have all personally examined 
the Himalaya range, are agreed regarding the greater elevation of the 
snow-line on the Thibetian side, the accuracy of this statement is called 
in question by John Gerard, by the geognosist MacClelland, the editor 
of tiie Calcutta Journal, and by Captain Thomas Hutton, assistant 
surveyor of the Agra Division. The appearance of my work on Central 
Asia gave rise to a re-discussion of this question. A recent number 
(vol. iv. January, 1844) of MacClelland and Griffith's CcUciäta Jovir- 
not of Natural History contains, however, a very remarkable and 



than those of a purely physical nature, since it exercises no 
inconsiderable degree of influence on the mode of life of 
numerous tribes — the meteorological proceasea of the ntmo- 

decJMve notice of tbe detenmuatioa of Uie Bnaw-lina in the Eimalajw. 
JSt. Batten, of the Bengal aerviue, nrites an foUows, from camp Semulka, 
on the Coaillah riyer, Kumaon ; "In tho July, 1813, No. U of your 
TaluaWe journal of Natural History, which I have only lately had the 
opportunity of seeing, I read Captain Hntton'e paper on the gdo* of l^e 
"KiWlt ym • and, as I differed ^ilniost enürely from the condusona bo 
GonfideDtnUy di»wn by Uiat geatloman, I tboaght it right, for the 
interest of scientific truth, to prepare aome kind of answer; as, however, 
on a more atteutire perusal, 1 £nd that yuu yourself appelLr implicitly 
to adopt CaptaxQ Hnttoo'a tjchb, and actually use these words, 'We haye 
long heen consdouB of the error here so veil pointed out by Captain 
Hotton, in eommo» müh gaery one tolto has vürfed äie Himalaya,' I 
feel more inclined to address you, in tlie first initence, and to ask iriie- 
ther you will publish a short reply which 1 modlCiite; and whether your 
note to Captain Button's paper was written after your own full and care- 
ful examinatioti of the subject, or merely on a general kind of acquies- 
cence with the fact and opioiona of yonr ahlo contribntor, who is Bo well 
known and esteemed as a collector of scientific datsl Now I am one 
who have visited the Himalaja on the weatem side ; I have croBsed the 
Borendo or Boorin Faes into the Busps valley, in Lower Eannwar, 
iBtnming into tho Rewaieu mountains of Ghurwoj hy the Koopin Pass; 
1 have visited the source of the Jumna, at Jmnnootree; and moving 
eaatward, the sources of the Kalee or Mundafcnee branch of the Ganges, 
at Kadamath; of the YiEhnoo Qungn, or Aluknunda, at Buddriuath 
and Mana; of (ho Fiudur, at the foot of the Great Peak Nundidevi; of 
the iftioulee branch of the Ganges, beyond Neetee, crossing and recroai- 
ing the pflBS of ttiat name into Thibet , of the Gotec or great branch of 
the Sardah, or Kalee, near Oonta Dboora, beyond Melum, I have also, 
in my official capacity, made Iho settlement of the Bhote Mehals of aus 
province. My residenoe of more than so. jears in Clie hilU haa thrown 
me. constantly in the wa; of European and native travelleiB, nor have 1 
neglected to acquire infonnation from the recorded labours of otbcrs. 
Yet, with all tMs eipeoence, I am pre pared to affirm that the perpetual 
BtuneUine is at a lüyher tltnalion on the northora slope of ' the Hima- 
laya' than OD the southern slope, 

" The facta m^ntioned by Captain Hutton appear to ma only to refer 
to ilie northern aidoB of all mountains in those regions, and not to 
afiect, in any way, the reports of Captain Webb and others, on which 
Humboldt formed his theory. Indeed, bow can any facts of one 
observer, in one place, iaieify the facts of another observer, in another 
placel I wdliugly allow that the north side of a hill retuina the sno 
longer and deeper than the south ai^ic, and this observation tipplii 
equally to heights in Bhato; but Humboldt's theory is on the question 
of the perpetual snow-line, and Captain Sutton's references to äimla 
z2 
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spliere being the controlling causes on which depend the 
agricultural or pastoral pursuits of the inhabitants of exten- 
sive tracts of continents. 

As the quantity of moisture in the atmosphere increases 
with the temperature, this element, which is so important for 
the whole organic creation, must vary with the hours of the 
day, the seasons of the year, and the differences in latitude 
and elevation. Our knowledge of the hygrometric relations 
of the Earth's surface, has been very materially augmented 
of late years, by the general application of August's Psychro- 
meter, framed in accordance with the views of Dalton and 
Daniell, for determining the relative quantity of vapour, or 
the condition of moisture of the atmosphere, by means of the 
difference of the dew point and of the temperature of the air. 
Temperature, atmospheric pressure, and the direction of tiie 
-wind, are all intimately connected with the vivifying action of 
atmospheric moisture. This influence is not, however, so 
much a consequence of the quantity of moisture held in solu- 
tion in different zones, as of the nature and frequency of the 
precipitation which moistens the groimd, whether in the form 
of dew, mist, rain, or snow. According to the exposition made 
by Dove of the law of rotation, and to the general views of 
this distinguished physicist,* it would appear, that in our 
northern zone, " the elastic force of the vapour is greatest with 
a south-west, and least with a north-east wind. On the west- 
em side of the windrose this elasticity diminishes, whilst it 
increases on the eastern side ; on the former side, for instance, 

and Mussooree, and other mountain sites, are out of place in this t|ue8- 
tion, or else he fights against a shadow, or an objection of his o^m 
creation. In no part of his paper does he quote accurately the dictam 
which he wishes to oppose." 

If the mean altitude of the Thibetian highlands be 11,510 feet, they 
admit of comparison with the lovely and fi*uitful plateau of Caxamares 
in Peru. But at this estimate they would still be 1300 feet lower 
than the plateau of Bolivia at the lake of Titicaca, and the causeway of 
the town of Potosi. Ladak, as appears from Yigne's measurement, bj 
determining the boiling-point, is 9994 feet high. This is probably also 
the altitude of H'Lassa (Yul-sung), a monastic city, which Chinese 
writers describe as the recdm of pledsure, and which is surrounded by 
vineyards. Must not these lie in deep valleys 1 

* See Dove, Meteorologische Vergkichung von Nordamerika und 
Suropa, in Schumacher's Jahrbuch för 1841, s. 311 ; and his MeUot' 
'olagiache UnUrmchungen, s. 140. 
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the cold, dense, and dry current of air repels the warmer lighter 
current containing an abundance of aqueous vapour, whilst 
on Üie eastern side, it is the former current which is repulsed 
by the latter. The south-west is the equatorial current, while- 
the north-east is the sole prevailing polar current." 

The agreeable and tresh verdure which is observed in many 
trees in districts within the tropics, where, for five or seven. 
months of the year, not a cloud ia seen on the vault of heaven, 
and where no perceptible dew or rain falls, proves that the 
leaves are capable of extraoting water from the atmosphere by 
a peculiar vital process of their own, which perhaps is not 
alone that of producing cold by radiation. The absence of 
rain in the arid plains of Cumana, Coro, and Ceara in North 
Brazil, forms a sliiking contrast to the quantity of rain which 
Mis in some tropical regions, as for insttüic«, in the Havannah, 
where it would appSar from the average of six years' observa- 
tion by Ramon de la Sagra, the mean annual quantity oP 
rain is 109 inches, equal to four or five times that which' 
fells at Paris or at Geneva.* On the declivity of the Cordil- 
leras the quantity of rain, as well as the temperature, dimi- 
nishes with the increase in the elevation.t My South 
American fellow-traveller, Caldaa, found that at Santa Fe de 
B<^ta, at an elevation of almost 8700 feet, it did not exceed 
87 inches, being consequently little more than on some parts' 
o£ the western shore of Europe. Boussingault occasionally 

* Tbe meaa annual quantity of rain Uiat fell in Paris between, 
1806 and 1822, was found bj Amgo to be 20 Inches; in London^ 
between 1812 and 1827, it was detenniaed by Hovard at 2S Inches; 
whilst at OeneTB tbe mean of thirtj'-two years' observation was 80'6 
inches. In Hindustan, near (he coast, the qnantity of rttin is from US 
to 123 Inches; and in the island af Culia, fully 112 inches fell in 
the year 1S21. With regard to the distribution of the quantity of tain 
in Central Europe, at dificrcnt pcnads of the year, see the admirabla 
researches of Gasparin, Sctionw, and Braviua, In the Bibiiothiqut Uni- 
verKlle, t. xxxvUi, pp. 61 and 264; Tableau du Climat de i'llalie, 
p. 76 ; and Martins' notes to his excellent French tianslation of Kämtz's 
Yoriesungeit fiStr- MeUorologie, p. 142. 

■|- Acoordicg to Bouaeingaalt [Eeontnaie rtirale, t. li. p. 693), the 
mean quantity of rain that fell at Marmato (latitude 6° 21', altitude 
4875 feet, and mean temperature 68°. ) in the ycara 1833 and 1834, 
ms 64 inches ; whilst at Santa Ffi dc Bogota (latitude 4° 36', alti- 
tude 8685 feet, and mean Wmpcroture S8°,) it onlj amounted to 39^ 
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observed at Quito, that Saussore's h^^rometer receded to 26^ 
with a temperature of from 53°*6 to 55°*4. Gay-Lussao ssw 
the same hygrometer standing at 25^-3 in his great aero« 
static ascent in a stratum of air 7034 feet high, and with a 
temperature of 39°*2. The greatest dryness that has yet 
been observed on the surface of the globe in low lands, is 
probably that which Gustav Kose, Ehrenberg, and mysdf 
n>und in Northern Asia, between the valleys of the Irtisch 
and the Oby. In the Steppe of Platowskaja, after south-west 
winds had blown for a long time from the interior of the 
Continent, w^th a temperature of 74°' 7, we found the dew 
point at 24°. The air contained only -^^ of aqueous vapour.* 
The accurate observers, Kämtz, Bravais, and Martins, have 
raised doubts during the last few years regarding the greater 
dryness of the mountain air, which appeared to be proved by 
the hygrometric measurements made by Saussure and myself 
in the higher regions of the Alps and the Cordilleras. The 
strata of air at Zurich and on the Faulhom, which cannot be 
considered as an elevated mountain when compared veith non» 
European elevations, furnished the data employed in the 
comparisons made by these observers. f In tiie tropical 
region of the Paramos (near the region where snow begins to 
Ml, at an elevation of between 12,000 and 14,000 feet) some 
species of large flowering myrtle-leaved alpine shrubs are 
almost constantly bathed in moisture, but this fact does not 
actually prove the existence of any great and absolute quantity 
of aqueous vapour at such an elevation, merely affording an 
evidence of the frequency of aqueous precipitation, in like 
manner as do the frequent mists with which the lovely 
plateau of Bogota is covered. Mists arise and disappear 
several times in the course of an hour in such elevations as 
these, and with a calm state of the atmosphere. These rapid 
alternations characterise the Paramos and the elevated plains 
of the chain of the Andes. 

The electricity of the atmosphere^ whether considered in the 
lower or in the upper strata of the clouds, in its silent pro- 

♦ For the particulars of this obsenration, see my Äfde centrcdey t. iil 
pp. 85-89 and 567 ; and regarding the amount of vapour in the atmo* 
sphere, in the lowlands of tropical South America^ consult my E&aL 
hist, t i. pp. 242-248, t ii. pp. 45, 164. 

f Kämtz, VorltswR/Qeti. vh^ Meteorologie, s. 117. 
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Uematicnl diurnal course, or in the explosion of the hghtnine 
and fliunder of the tempest, appears to stand in a manifold 
relation to all phenomena of the distrihution of heat, of the 
pressure of the atmosphere and its dietwrbances, of hydro- 
jneteoric exhibitions, and probably also of the magnetism of 
the estemal crust of the earth. It eiercises a. powerfiil 
influence on the whole animal and vegetable world; not 
merely by meteorological processes, as precipitations o£ 
aqueous yapour, and of the acids and ammoniacalcomxK>undBta 
which it gives rise, but also directly as an electric force acting 
on the nerves, and promoting tie drculotion of the organic 
juices. This is not a place in which to renew the discussion 
that has been started regarding the actual source of atm^)- 
Bpherioelectricity when the sky is clear, aphenomenon that ha« 
siteruafely been ascribed to the evaporation of impure fluids 
impr^i;nated with earths and salts,* to the growth of plants.^ 
or to some other chemical decompositions on the surface of the 
earth, to the unequal distribution of heat in the strata of tha 
air,J and, finally, according to Peltier's intelligent researehe8,§ 
to the agency of a constant charge of negative electricity in 
the terrestrial globe. Limiting itself to results yielded by 
electrometric observations, such for instance as are turnisheii 
by the ingenious electro-magnetic apparatus first proposed by 
CoUadon, the physical description of the universe should 
merely notice the incontestible increase of intensity in tie 
general positive electricity of the atmosphere,|| accompanying 
an increafie of altitude and the absence of trees, its daily varia- 
tions (which, according to Clark's eiperimenta at Dublin, 
take place at more complicated periods than those found by 
SauBsure and myself), and its variations in the different seasons 
of the year, at diflfereut distances from the equator, and ia 
the different relations of continental or oceanic surface. 

The electric equilibrium is less fi^quently disturbed where 

* Begirding the conditions of electricitj from «raporstion at higfa 
tempersturea, see Peltier, in the Aanalei de Chimie, t, Ixiv. p. S30. 

■h PouiUet, in tha Annoiea de Chimie, t. jaxv. p. 405. 

]: De U Bive, in bis admirable Eisai AiMoWifue svr VElectrimlS 
p. liO. 

% Peltier, in the Compter rendu» de rjead. dea Science», t, zu. 
p. 307 ; Becguerel, TraitB de VEleetridU et d« Magniti»me, t, ij, 
p. 107. 

II Dupre^i SuT [EkctriciU de VAir, (BmieHes, lSi4,) pp. E6-fll. 
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the aerial ocean rests on a liquid base than where it impends 
over the land; and it is very striking to observe how in 
extensive seas small insidar groups affect the condition of the 
atmosphere, and occasion the formation of storms. In fogs, 
and in the commencement of &lls of snow, I have seen, in a 
long series of observations, the previously permanent positive 
electricity rapidly pass into the negative condition, both on the 
plains of the colder zones, and in the Paramos of the Cordil- 
leras, at elevations varying from 11,000 to 15,000 feet. The 
alternate transition was precisely simüar to that indicated by 
the electrometer shortly before and during a storm.* When 
the vesicles of vapour have become condensed into clouds, 
having definite outlines, the electric tension of the external 
surface will be increased in proportion to the amount of 
electricity which passes over to it from the separate vesicles 
of vapour.f Slate-grey clouds are charged, according to 
Peltier's experiments at Paris, with negative, and white red, 
and orange-coloured clouds, with positive electricity. Thunder 
clouds not only envelope the highest smnmits of the chain of 
the Andes, (I have myself seen the electric efiect of Hght- 
ning on one of the rocky pinnacles which project upwards of 
15,000 feet above the crater of the volcano of Toluca), but 
they have also been observed at a vertical height of 26,650 
feet over the low lands in the temperate zone.J Sometimes, 

* Humboldt, Hilation historiqu€f t. iii. p. 318. I here only refer to 
those of my experiments in which the three-foot metallic conductor of 
Sauflsure's electrometer was neither moved upwards or downwards, nor, 
according to Volta's proposal, armed with burning sponge. Those of 
my readers who are well acquainted with the qiuBationes vexatm of 
atmospheric electricity, will understand the grounds for this limitation. 
Kespecting the formation of storms in the tropics, see my It&„ hist., 
t ii. pp. 45 and 202-209. 

f Gay-Lussac, in the Annalea de Cfhimie et de Physique, t. viii 
p. 167. In consequence of the discordant views of Lama, Becquerel, 
and Peltier, it is difficult to come to a conclusion regarding the cause of 
the specific distribution of electricity in clouds, some of which have a 
positive, and others a negative tension. The negative electricity of the 
air, which near high water-falls is caused by a disintegration of the 
drops of water — a fact originally noticed by Tralles, and confirmed by 
myself in various latitudes — is very remarkable, and is sufliciently 
intense lo produce an appreciable effect on a delicate electrometer, at a 
distance of 300 or 400 feet. 

X Arago, in the Annv4xire du Bureau des Longitudes pour 1853*, 
p. 246. 
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however, the Btratum of cloud &om which, the thunder pro- 
ceeds, sinks to a distance of 5000, or indeed oulj 3000 feet 
above the plain. 

According to Aiago's investigations — the most comprehen- 
aive that wo possess on this difficult branch of meteorology— 
the evolution of light (lightning) is of three kinds : — zig-zag, 
and sharply defined at the edges ; in sheets of light, illuminat- 
ing a whole cloud which seems to open and reveal the light 
within it; and in the form of fire-balls.* The duration of 
the two first kinds scarcely continues the thousandth part of 
a second; but the globular Ughtning moves much more slowly, 
remaining räible for several Be<!onds. Occasionally (as is 
proved by the recent observations, which have confirmed the 
description given by Nicholson and Beccaria of this pheno- 
menon) isolated clouds standing high above the horizon, 
continue uninterruptedly for some time to emit a luminous 
radiance from their interior and from their mai'gins, although 
there is no thunder to be heard, and no indication of a storm; 
in some cases even hail-stones, drops of rain, and flakes of 
Bnow have been seen to fäll in a luminous condition, when 
the phenomenon was not preceded by thunder. In the geo- 
graphical distribution of storms, the Peruvian coast, which is 
not visited by thunder or lightning, presents the most striking 
contrast to the rest of the tropical zone, in which, at certain 
seasons of the year, thunder-storms occur almost daily, about 
four or five hours after the sun has reached the meridian. 
According to the abundant evidence collected by Aragof from 
the testimony of navigators (Scoresby, Parry, Ross, and 
Franklin) there can be no doubt that, in general, electric 
explosions are extremely rare in high northern regions 
(between 70° and 75° latitude.) 

TÄflmeieorofoji'ca/^ofh'on of the descriptive history of nature 
which we are now concluding, shows, that the processes of 
the absoi-ption of light, the liberation of heat, and the varia- 

* Arago, Op. cit, pp. 2*9-268. (Sea alao pp. 268-276.) 
+ Arago, Op. cit,, pp. 388-391. Tho learaed Academician von Baer, 
who baa done bo much for the meteorology of Nortlicrii Aeia, has not 
taken into considcratiOD the extreme tarit; of Btomu ia Iceland and 
Orecnland; he has only remarked {Siillelin de VAmdtmie de St, 
Peterebourg, 1S39, Itai), that in Hova Zemljla and SpiUbergan it Is 
wmetimea heard to thunder. 
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tions in the elastic and electric tension, and in the hygroma« 
trie condition of the vast aerial ocean, are all so intimately 
connected together, that each individual meteorological process 
is modified by the action of all the others. The complicated 
nature of these disturbing causes (which involuntarily remind 
us of those which the near and especially the smallest cosmical 
bodies, the satellites, comets, and shootmg stars, are subjected 
in their course) increases the difficulty of giving a fuU explan- 
ation of these involved meteorologic^d phenomena; and like- 
wise limits, or whoUy precludes the possibility of that 
predetermination of atmospheric changes, which would be so 
important for horticulture, agriculture, and navigation, no 
less than for the comfort and enjoyment of life. Those who 
place the value of meteorology in this problematic species of 
prediction rather than in the knowledge of the phenomena 
themselves, are firmly convinced that this branch of science, 
on account of which so many expeditions to distant moun- 
tainous regions have been undertaken, has not made any very 
considerable progress for centuries past. The conndenoe 
which they refiise to the physicist they yield to changes of 
the moon, and to certain days marked in the calendar by the 
superstition of a by-gone age. 

" Great local deviations from the distribution of the mean 
temperature are of rare occurrence, the variations being in 
general uniformly distributed over extensive tracts of land. 
The deviation after attaining its maximum at a certain point, 
gradually decreases to its limits ; when these are passed, how- 
ever, decided deviations are observed in the opposite direction» 
Similar relations of weather extend more frequently from south 
to north, than firom west to east. At ^q close of the year 1 829, 
(when I had just completed my Siberian journey) the max- 
imum of cold was at Berlin, whilst North America enjoyed 
an unusually high temperature. It is an entirely arbitrary 
assumption to believe that a hot summer succeeds a severe 
winter, and that a cool summer is preceded by a mild winter." 
Opposite relations of weather in contiguous countries, or in 
two corn-growing continents, give rise to a beneficent equal- 
ization in the prices of the products of the vine, and of agricul- 
tural and horticultural cultivation. It has been justly 
remarked, that it is the barometer alone which indicates to 
us the changes that occ\wc m tiia i^ressure of the air through'» 
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out all the aerial Htrata from flie place of observation to the 
estremest confines of the ntmoBpLere, whilst* the thermometer 
and Psychrometer only acquaint us with all the variation« 
occurring in the local heat and moisture of the lower strata of 
air in contact with the ground. The sinudtaneous thermic and 
h.3^;rometric modifications of the upper regions of the air, can 
only be learnt (when direct observations on mountain stations or 
aerostatic ascents are impracticable,) from hypothetical eombi- 
n&tions, by making the barometer serve both as a thermometer 
and an hygrometer. Important changes of weather are not 
owing to merely local causes, situated at the place of observa- 
tion, but arc the consequence of a disturhance in the equih- 
brium of the aerial currents at a great distance trom the surfece 
of the Earth, in the higher strata of the atmosphere, bringing 
cold or warm, dry or moist air, rendering the sky cloudy or 
Berene, and converting the accumulated masses of clouds into 
light feathery «>«'. As therefore the inaccessibility of the 
phenomenon is added to the nianifold nature and complicatioa 
of the disturbances, it has always appeared to me, that mete- 
orology must first seek its foundation and progress in tha 
trarid zone, where the variations of the atmospheric pressure, 
the course of hydro-meteors, and the phenomena of electric 
explosion, are all of periodic occurrence. 

As wo have now passed in review the whole sphere of 
inorganic terrestrial lifc, and have briefly considered our 
planet with reference to its form, its intemiu heat, its eiectro- 
magnetie tension, its phenomena of polar light, the volcanio 
reaction of its interior on its variously composed sohd crast, 
and, lastly, the. phenomena of its twofold envelopes — the 
aerial and liquid ocean — we might, in accordance with the 
older method of treating physical geography, consider that wa 
had completed our descriptive history of the globe. But the 
nobler aim I have proposed to myself, of raising the contempla* 
tion of nature to a more elevated point of view, would be 
defeated, and thin delineation of nature would appear to lose 
its most attractive charm, if it did not also include the sphere 
ef organic life, in the many stages of its typical development. 

* Eamtz, in Sclinmaclier*» JahrbiuJi /H/r 1838, b. 285. Bearding 
(lie opposiUi dietribulion of lieat in th« eaet aad iho west of Euxnpo aod 
North America, «eo Dove, Repertorivm der Phyaib, bd, iii. a. 3BS- 
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The idea of vitality is so intimately associated with the idea 
of the existence of the active ever blending natural forces which 
animate the terrestrial sphere, that the creation of plants and 
fMiiTnal« is ascribed in the most ancient mythical representa- 
tions ofmany nations to these forces, wlulst the condition of 
the surface of our planet, before it was animated by vital 
forms, is regarded as coeval with the epoch of a chaotic con- 
flict of the struggling elements. But the empirical domain 
of objective contemplation, and the delineation of our planet 
in its present condition, do not include a consideration 
of the mysterious and insoluble problems of origin and 
existence. 

A cosmical history of the imiverse, resting upon facts as its 
basis, has, from the nature and limitations of its sphere, neces- 
sarily no connection with the obscure domain embraced by a 
history of organisms^ if we understand the word history in its 

* The history of plants, which Endlicher and XJnger have described 
in a most masterly mamier {Orundzüge der Botanik, 1843, s. 449-468), 
I myself separated from the geography of plants, half a century ago. 
In ijie aphorisms appended to my Subterranean Flora, the following 
passage occurs : — " Geognosia mituram animantem et innninn^TTi vel, ut 
vocabulo minus apto, ex antiquitate saltem baud petito, utar, corpora 
organica aeque ac inorganica considerat. Bunt enim tria quibus absol* 
vitur capita : Geographia oryctologica quam simpliciter G^ognosiam vel 
Gkologiam dicunt, virque acutissimus Wemerus egregie digessit ; Geo- 
graphia zoologica, cujus doctrinae fundamenta Zimmermamiua et 
Treviranus jecerunt; et G^eographia plantarum quamaequales nostri 
diu intactam reliquerunt. Geographia plantarum vincula et cognatio- 
nem tradit, quibus omnia vegetabilia inter se connexa ßint, terra 
tractus quos teneant, in aerem atmospheericum quae sit eorum vis osten- 
dit, saxa atque nipes quibus potissimum alganim primordiis radici- 
busque destruantur docet, et quo pacto in telluris superficie humua 
nascatur, commemorat. Est itaque quod differat intei Q^ognosiam et 
Physiographiam, historia naturalis perperam nuncupatam quum Zoo- 
gnosia, Phjiiognosia, et Oryctognosia, quae quidem omnes in natui« 
investigatione versantur, non''nisi singulorum animalium, plantarum, 
rerum metallicarum vel (venia sit verbo) fossilium formas, anatomen, 
vires scrutantur. Historia Telluris, Geognosiae magis quam Physiogra- 
phiae affinis, nemini adhuc tentata, plantarum animaliumque genera 
orbem inhabitantia primaBvum, migrationes eorum compluriumque 
interitum, ortum quem montes, vallee, saxorum strata et venae metalli- 
ferae ducunt, aerem, mutatis temporum vicibus, modo purum, modo 
vitiatum, terrae superficiem humo plantisque paulatim obtectam, flumi- 
num inundantium impetu denuo nudatam, iterumque siccatam et gra- 
mine vestitam commemorat. Igitur Historia zoologica, Historia planta* 



broadest sense. It must, towcTcr, be remembered, that the 
inorganic crust of the Earth contains within it the same 
elements that enter into the structure of animal aaid veffetable 
organs. A physical cosmography would therefore be incom- 
plete, if it were to omit a consideration of these forces, and 
of the substances which enter into solid and fluid eombina- 
tioiis in oi^iaiiic tissues, under conditions which, fi-om our 
ignorance of their actual nature, we designate by the vagiw 
term of vilal/orces, and group into various systems, in accord- 
ance with more or less perfectly conceived analf^es. The 
natural tendency of the human mind, involuntarily prompts 
UB to follow the physical phenomena of the Earth, through all 
their varied series, until we reach the final stage of the mor- 
phological evolution of vegetable forms, and the self-deter- 
mining powers of motion in animal organisms. And it is by 
these links that the geography of organic beings — of plants and 
animals — is connected with the delineation of the inorganic 
phenomena of our terrestrial globe. 

Without entering on the difficult question of spontaneous 
motion, or in other words, on the diffi;rence between veget- 
able and animal life, we would remark, that if nature had 
endowed us with microscopic powers of vision, and the inte- 
guments of plants had been rendered perfectly transparent to 
■ our eyes, the vegetable world would present a very different 
aspect Irom the apparent inunobility and repose in which it is 
now manifested to our senses. The interior portion of the 
cellular structure of their organe is incessantly animated by 
the most varied currents — either rotating, ascending and 
descending, ramifying, and ever changing their direction, as 
rum et Histoiis orjctologit», quee noa nisi priatinnni atbii t«rne 
alotom indicBot, a Qeognoaia probe diatinguendie." Humboldt, Flora 
FribiiTgensis ntSierraneo, cw» aixediMi Apliorigmi ex Phystologia 
chemiea PUmtarvm, 1793, pp. tx.-x. Respecting the "spontaneous 
motion," which is referred to in a aalnequent part of the text, see the 
remarkable passage in Ariatotle, De Catto, li. 2, p. 2S4, Bekker, niiere 
the distinction betvecc animate and inanimate bodies ia made to 
depend on the internal or external position of the seat of the dctermiU' 
Ing motion. "Ko movement," Bays (he Stagiritc, " proceeds from the 
vegetable spirit, because plants are buried in a still sleep, from which 
notliing can arouse them." (AriaWtle, De Oeneral. Animal, v, i. p. 778, 
Bekker) ; and again. " because plan ts hare no desires trhieb incite 
them bo Bponlaueous motion." (Aiist, De Somno et Vml. cap. L p. 16G, 
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manlfeated in the motion, of the granular mucus of marine 
plants, (nniades, characete, hydroeW-ids,) and in the haira d" 
phaneroKamic land plants ; in the molecular motion first dis- 
covered by the illuatrious botanist Robert Brown, and whioh 
may be traced in the uitimate portions of every molecule of 
matter even when separated from the organ ; in the gyra- 
tory currents of the globuieB of camhinm {ct/closis) ciroa- 
latmg in their pceuliur vessels ; and finally, in the singu- 
larly articulated self-uurolliDg filamentous vessels in the 
antheridia of the chara, and in the reproductive organs of 
liverworlÄ and algte, in the etructural conditions of which 
Mej'en, unhappily too early lost to science, believed that he 
recognised an analogy with, the spermatozoa of the animal 
kingdom.* If to these manifold currents and gyratory move- 
ments we add the phenomena of endosmosis, nutrition, and 
growth, we shall Imve sora« idea of those forces, which ate 
ever active amid the apparent repose of vegetable life. 

Since I attempted m a former work, Ansichten der Natur, 
(Views of Nature) to delineate the universal diäusion of life 
over the whole surlaee of the Earth, in the distribution of 
oi^anie forma, both with respect to elevation and depth, onr 
knowledge of this branch of science has been most remaijc- 
ably increased by Khrenberg'e brilliant discovery " «n mia^ 
acopic life in the ocean, and in the ice of the polar regioTO,"' 
—^ discovery based not on deductive conclusions, but «o 
direct observation. The sphere of vitality, we might ahsoit 

• [" In certain part«, probablj, of all plmte, are found peculiar sjrfnl 
filunenU. having a etriÜng resemblance to the spermatozoa of aoisth 
Tbey have iieen long kooffn in the organs colled the ODtheiidiji cf 
Mosses, Hcpatieie, .tnd Cbarace», and have more recently been dla«' 
Tared in pecaliar cells on the gennhuil &ond of feme, und on the la} 
young leaves of the buds of Fhanerogamia, Tbey arc found in pecuUti 
cells, and when these are placed in water Ihej are torn by the fihimenl, 
whirji commences on active Bpirol motion. The Bigni£cation of Uieas 
organs iant present quite unknown; they appear, from the reaeorchesof 
Bägeli, to resemble the ocll mucilage, or proto-plaanui, in compoailion, 
and are developed from it. Schleiden regards them as mere mo^ 
ginoua dcpusitB, eimilar to those connected with the circulation in cellt 
and he contends that the movement of these bodies in water is aiuili- 
goua to the molecular motion of small particles of organic and ~ 

Bubatancea, and depends on mechanical eauaea."^ — Outlinea cjf& 

and Fhysiüla^Bil Botany, by A, Henfrey, F-L-S., ftc, 1846, p. SS.}^] 
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say, the horizon of life, has been expanded before our eyea, 
" Not only in the polar regions is there an imintemipted 
development of active mioroscopic life, where larger animals 
can no longer exist, but we find that the microscopic animale 
collected in the Antarctic expedition of Captain James Rosa, 
exhibit a remarkable abundance of unknown and often moat 
beautifal forms. Even in the residuum obtained from the melted 
ice, swimming about in round fragments, in the latitude of 
70° 10', there were found upwards of Jifh' species of aÜiceons- 
shelled po\ygastria and ooacinodiscte witn their green ovaries, 
end therefore living and able to resist tke extreme severity of 
tiie cold. In. the Gulf of Erebus, sixty-eight siliceous-aheUed 
polygastria and phytolitharia, and only one ealcareous-ahellcd 
polythalamia, were brought up by lead sunk to a depth of 
from 1242 to 1620 feet." 

The greater number of the oceanic microscopic forms 
hitherto discovered have been ailiceous-ahelled. altkough the 
analysis of sea water does not yield silica as the main con- 
stituent, and it can only be imagined to exiat in it in a state of 
suspension. It is not only at particular points in inland seas, 
or in the vicinity of the land, that the ocean is densely 
inhabited by livii^ atoms, invisible to tho naked eye, but 
samples of water taken up by Scbayer on his return from 
Van Diemen's Land (south of tbe Cape of Good Hope, in 57" 
latitude, and under the tropics in tie Atlantic) show that 
the ocean in its ordinary condition, without any apparent 
discoloration, contains numerous microscopic moving organ- 
iama, which bear no resemblaiice to the ewimming frag- 
mentary siliceous filaments of the genus oluetoceios, eimilar 
to tho OEcillatoriie so common in om- fresh waters. Some 
few polygastria which have been found mised with sand and 
excremeuts of penguins in Cockburn Island appear to be 
spread over the whole earth, whilst others seem to be peculiar 
to the polar regions.* 

" See Ehren'herg's treatise Uelier das Heinste Lfhen ijb Ocean, read 
before the Academy of Science at Berlin, on tha Btb of TSaj, 1814. 

[Dr. J. Hooker found Dialomaccin in eountleas numbers between tto 
pknllele of 60° and 80° aontb, vhere tbej gnva a colour to the Beit, und 
alio to the icel)erg« floating in it. The dea,th of these bodies in the 
Boulh Aretic Oeean ia producing a nb-marine depoüt, coosiBtii^ 
entirely of the Hiliceou« piirtieies of vhiob the skeletons of Uiese 
vcgetabteB ara composed. This deposit eKiats oa the shorea of Tlctoria 
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We thus find from tlie most recent observations that animal 
life predominates amid the eternal night of the depths of 
ocean, whilst vegetable life, which is so dependent on the 
periodic action of the solar rays, is most prevalent on conti- 
nents. The mass of vegetation on the Earth very far exceeds 
that of animal organisms. For what is the volume of all the 
large living cetacea and pachydermata, when compared with 
the thickly crowded colossal trunks of trees of from 8 to 12 
feet in diameter, which fill the vast forests covering the 
tropical region of South America, between the Orinoco, the 
Amazon, and the Rio da Madeira. And although the character 
of different portions of the earth depends on the combination 
of external phenomena, as the outlines of moimtains — ^the phy* 
siognomy of plants and animals — the azure of the sky — ^tie 
forms of the clouds — and the transparency of tbe atmosphere 
*-it must still be admitted that the vegetable mantle with 
which the earth is decked, constitutes Üie main feature of 
the picture. Animal forms are inferior in mass, and their 
powers of motion often withdraw them from our sight. The 
vegetable kingdom, on the contrary, acts upon our imagination 
by its continued presence, and by tiie magnitude of its fonns: 
for the size of a tree indicates its age, and here alone age is asso- 
ciated with the expression of a constantly renewed vigour.* 
In the animal kingdom (and this knowledge is also the result of 
Ehrcnberg's discoveries) the forms which we term microscopic 
occupy the largest space, in consequence of their rapid pro- 
pagation.! The minutest of the infusoria, the mocadidse, have 

land and at the base of the volcanic mountain Erebus Dr. Hooker 
accounted for the fact, that the skeletons of Diatomaceaa had been found 
in the lava of volcanic mountains, by referring to these deposits at 
Mount Erebus, which lie in such a position as to render it quite possible 
that the skeletons of these vegetables should pass into the lower 
fissures of the mountain, and then passing into the stream of lava, be 
thrown out, unacted upon by the heat to which they have been exposed. 
See Dr. Hooker's Paper, read before the British Association at Oxfoid, 
July, 1847.]— ^r. 

* Humboldt, Ansichten der Natur (2te Ausgabe, 1826), bd. ii. 8. 21. 

+ On multiplication by spontaneous division of the mother-corpuscle, 
and intercalation of new substance, see Ehrenberg, Von den jetzt leben- 
den Thierarten der Kreidebildung, in the Ahhandl. der Berliner 
Akad. der Wiss., 1839, s. 94. The most powerful productive faculty 
in nature, is that manifested in the vorticell». Estimations of the 
greatest possible development of masses will be found in Ehrenbeig's 
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a diameter which does not exceed ^thttt ^^ * ^®> ^^^ y^^ 
these süiceous-shelled organisms form in humid districts 
subterranean strata of many fathoms in depth. 

The strong and beneficial influence exercised on the feel- 
ings of mankind by the consideration of the diffusion of life 
throughout the reabns of nature, is common to every zone, but 
the impression thus produced is most powerful in the equa- 
torial regions, in the land of palms, bamboos, and arborescent 
ferns — ^where the ground rises from the shore of seas rich in 
mollusca and corals, to the limits of perpetual snow. The 
local distribution of plants embraces almost all heights and all 
depths. Organic forms not only descend into the interior of 
tiie earth, where the industry of the miner has laid open exten- 
sive excavations, and sprung deep shafts, but I have also 
found snow-white stalactitic columns encircled by the deli- 
cate web of an XJsnea, in caves where meteoric water 
could alone penetrate through fissures. Podurellae penetrate 
into the icy crevices of the glaciers on Mount Rosa, the 
Grindel wald, and the Upper Aar; the Chionaea araneoides 
described by Dabnan, and the microscopic Discerea nivalis 
(formerly known as Protococcus), exist in the polar snow as 
well as m that of our high mountains. The redness assumed 
by the snow after lying on the ground for some time, was 
Imown to Aristotle, and was probably observed by him on 
the mountains of Macedonia."^ Whilst on the lofdest sum- 
mits of the Alps, only Lecidese, ParmelisB, and Umbilicarioe, 
cast their coloured but scanty covering over the rocks, ex- 
posed by the melted snow, beautiful phanerogamic plants, as 
the Culcitium rufescens, Sida pinchmchensis, and Saxifraga 
boussingaulti, are still found to flourish in the tropical region 
of the chain of the Andes, at an elevation of moro äan 
15,000 feet. Thermal springs contain small insects (Hydro* 
porus thermalis), gallioncUsB, oscillatoria, and confer%'a>, whilst 
their waters bathe the root-fibres of phonorogamic plants. 

great work, Die I^fvMonsthierchen aU voltkammne Orf/nnismm, 1888, 
8. ziii xix. and 244. " The milky way of than« oiwuiUwii oompriBcs 
the genera Monas, Vibrio, Bacterium, and Bodo," t\w uidvormllty of 
life is so profusely distributed throughout i\\t wholo af nAturo, thai the 
smaller infusoria live as parasites on the Urtf^rj AAd MTO thomsclvet 
inhabited by others; s. 194, 211, and 612. 
* Anstot, Hist, Animal,, v. zix, p. 002| B«kk, 
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As air and water are animated at different temperatnres by 
the presence of vital organisms, so likewise is the interior A 
the different portions of animal bodies. Animakuiet ha?s 
been fomid in the blood of the frog and the salmoA; aocoirdiiig 
to Nordmann, the fluids in the eyes of fishes are often filled 
with a worm that lives by suction (Diplostomum), whilst in H» 
gills of the bleak the same observer has discovered a remark« 
able double animalcule (Diplozoon paradoxum), having a 
oross-shaped form with two heads and two caudal extremitiei. 
Although the existence of meteoric infusoria ia more than 
doubtful, it cannot be denied, that in the same manner as the 
pollen of the flowers of the pine is observed eveiy year to 
fall from the atmosphere, mmute infusorial animalcules may 
likewise be retained for a time in the strata of the air, after 
having been passively borne up by currents of aqueous 
vapour.* This circumstance merits serious attention in recoil« 
sidering the old discussion respecting sponttmeous generutum^ 

* Ehrenberg, cp. cit., s. ziv. pp. 122 and 498. This rapid mnltipli« 
oation of microscopic organisms is in the case of some, (as, for instance^ 
in wheat-eels, wheel-animals, and water-bears or tardigrade animalcnlefl^) 
accompanied by a remarkable tenacity of life. They have been seen to 
come to life from a sLttc of apparent death, after being dried for twenty- 
eight days in a vacuum with chloride of lime and sulphuric acid, and 
after being exposed to a heat of 248". See the beautiful experiments of 
Doybre, in M6m. mir lea Tardigradea et aur leur propri^tS de revenir 
ä la vie, 1842, pp. 119, 129, 181, 133. Compare also Ehrenberg, s. 492 
-496, on the revival of animalcules that had been dried during a space 
of many years. 

+ On the supposed " primitive transformation" of organised or unor- 
ganised matter into plants and animals, see Ehrenberg, in PoggendorflTs 
Annalen der Physik, bd. xxiv. s. 1-48, and also his Infusionathierchenf 
s. 121, 625, and Joh. Müller, Physiologie des Menscheti (4te Aufl., 
1844), bd. i. 8. 8-17. It appears to me worthy of notice, that one of the 
early Fathers of the Church, St. Augustine, in treating of the question, 
how islands may have been covered with new animals and plants after 
the Flood, shows himself in no way disinclined to adopt the view of the 
so-called " spontaneous generation" {generatio cequivoca, spontanea aut 
primaria). " If," says he, " animals have not been brought to remote 
islands by angels, or perhaps by inhabitants of continents addicted to the 
chase, they must have been spontaneously produced upon the earth; 
although here the question certainly arises, — to what purpose, then, were 
animals of all kinds assembled in the Ark T " Si e terra exortee sunt 
(bestise) secundum originem primam, quando dixit Deus : Producai terra 
animam vivam ! multo clarius apparet, non tam reparandonun animalium 
causa^ quam ügurandarnm. \axVa.t\mv ^<svi\>\\3:ai (3\ i^ropter ecclesiaB sacra« 
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and the more so, as Ehrenberg, as I have already remarked, 
lias discoyered that the nebulous dust or sand which mariners 
(rften encoimter in the yieinity of the Cape Verd islands, and 
even at a distance of 380 geographical miles from the Afri- 
can shore, contains the remains of eighteen species of siH- 
eeons-shelled polygastric animalcules. 

"Vital organisms, whose relations in space are comprised 
under the head of the geography of plants and animals, may 
be considered, either according to the difference and relative 
mimbers of tiie types, (their arrangement into genera and 
species,) or according to the number of individuals of each 
troecies on a given area. In the mode of life of plants, as in 
that of animds, an important difference is noticed ; they either 
exist in an isolated state, or live in a social condition. Those 
species of plants which I have termed social,* uniformly cover 
▼ast extents of land. Among these we may reckon many of 
tiie marine algae— cladoniaB and mosses which extend over 
the desert steppes of Northern Asia — grasses, and cacti grow- 
ing together fike the pipes of an organ — avicenniae and man- 
rves in the tropics — and forests of conifersB and of birches 
the plains of the Baltic and in Siberia. This mode of geo- 

XOdntum in Area f uiase omnia genera» si in insulis quo transire non possent, 
multa uiimalia terra produxit." Augustinus, De Cimtate Dei, lib. xvi. 
cap. 7 ; Opera, ed, Monach. Ordinia 8. Benedicti, t. vii., Venet. 1 732, 
p. 422. Two centuries before the time of the Bishop of Hippo, we find 
by extracts from Trogus Pompeius, that the generaMo primaria was 
brought forward in connection with the earliest drying up of the ancient 
world, and of the high table-land of Asia, precisely in the same manner 
as the terraces of Paradise, in the theory of the great Ldmueus, and in 
ti^e visionary hypotheses entertained in the eighteenth century regarding 
the &bled Atlantis : " Quod si omncs quondam terrae submersse profundo 
faerunt, profecto editissimam quamque partem decurrentibus aquis pri< 
mum detectam ; humiilimo autem solo eandem aquam diutissime 
unmoratam, et quanto prior quteque pars terrarum siccata sit, tanto 
priua animalia generare coepisse. Porro Scy thiam adeo editiorem omni- 
bus terns esse ut cuncta flumina ibi nata in Maeotium, tum deinde in 
Ponticum et ^gyptium mare decurrant." Justinus, lib. ii. cap. 1. The 
erroneous supposition that the land of Scythia is an elevated table-land, 
is so ancient, that we meet with it most clearly expressed in Hippocrates, 
De J^re et Aquis, cap. 6, § 96. Coray. " Scythia," says he, " consists of 
high and naked plains, which, without being crowned with mountains, 
ascend higher and higher towards the north." 

♦ Humboldt, Aphorismi ex Physiologia chemica plantarum, in he 
Flora Frxbergenaia subterranea, 1793, p. 178, 

2a2 
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graphical distribution determines, together with the individual 
form of the vegetable world, the size and type of leaves and 
flowers, in feet, the principal physiognomy of the district;* 
its character being but little, if at all, influenced by the ever- 
moving forms of animal Ufe, which, by their beauty and diver- 
sity, so powerfully affect the feelings of man, whether by 
exciting the sensations of admiration or horror. Agriciütural 
nations increase artificially the predominance of social plants, 
and thus augment, in many parts of the temperate and north- 
em zones, the natural aspect of imiformity; and whilst their 
labours tend to the extirpation of some wild plants, they 
likewise lead to the cultivation of others which follow the 
colonist in his most distant migration. The luxuriant zone of 
the tropics offers the strongest resistance to these changes in 
the natural distribution of vegetable forms. 

Observers who in short periods of time have passed over 
vast tracts of land, and ascended lofty mountains, in which 
climates were ranged, as it were, in strata one above another, 
must have been early impressed by the regularity with which 
vegetable forms are distributed. The resiSts yielded by their 
observations furnished the rough materials for a science, to 
which no name had as yet been given. The same zones or 
regions of vegetation which, in the sixteenth century. Cardinal 
Bembo, when a youth,f described on the declivity of Etna, 
were observed on Mount Ararat by Tournefort. He inge- 
niously compared the Alpine flora with the flora of plains 
situated in different latitudes, and was the first to observe the 
influence exercised in mountainous regions, on the distribu- 
tion of plants by the elevation of the ground above the level of 
the sea, and by the distance from the poles in flat coimtries. 
Menzel, in an inedited work on the flora of Japan, accidentally 
made use of the term geography of plants ; and the same ex- 
pression occurs in the fanciful but graceful work of Bemardin 
de St. Pierre, Etudes de la Nature, A scientific treatment of 
the subject began, however, only when the geography of 
plants was intimately associated with the study of the distri* 

* On the physiognomy of plants, see Humboldt, Ansichten der- 
Natur, bd. ii. s. 1-125. 

+ uEtna Dialogus. Opttscula, Basil. 1556, pp. 53, 64. A very beau- 
tiful geography of the plants of Mount Etna has recently been published 
by Piiiippi. See Linnwa, \^Z%, ^ T^3. 
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bution of heat over the surface ot the earth, and when the 
arrangement of Tegetable forma in natural families admitted 
of a numerical estimate being made of the different forms 
which increaae or decrease as we recede from the equator 
towards the poles, and of the relations in which, in difibrent 
parts of the earth, each fcmilj- stood with reference to the 
whole mass of phanerogamic indigenous plants of the same 
region. I consider it a happy circumstance, that at the time 
during which I devoted my attention almost exclusively to 
botanical pursuits, I was led by the aspect of the grand and 
strongly characterised features of tropical scenery, to direct 
my investigations towards these subjects. 

The study of the geographical distribution of animals, 
T^arding which Buffon first advanced general, and in most 
instances very correct views, has been considerably aided in 
its advance by the progress made in modem times in the geo- 
graphy of plants. The curves of the isothermal lines, and 
more especially those of the isochimenal lines, correspo d with 
the limits which are seldom passed by certain species of plants, 
and of animals which do not wander for from their fixed 
habitation, either witli respect to elevation or latitude.* The 

• [The following volnable rematta by Profoasor Forbes, on the eor- 
reapondeDCG exieting between the diBtribution of existing bunas and 
floras o£ the British iBlaoda, and the geological changes thai have 
affwted their area, wilt be read with much interest ; the; hare been 
copied, by the author's permisaion. from the Survey Beporl, p. 18 : — 

" If the vie« I have put forvrard respecting the origin of the flora of 
the British mountains he true — and ever)' geological and botanical pro- 
bability, BO tar aa the are» is concerned, fevours it — then must we endea- 
vour to hud Boms more plaosiblc cause than any yet shown, for tho 
presence of numerous epeoies of plaats, and of some animals, on the 
higher pivrtg of Alpine ranges in Europe and Asia, specifically identical 
with animals and plants indigenous in regions very far north, and not 
found in the intennediata lovrlands. Tonnifafort fiist remarked, and 
Humboldt, the great organizer of the science of natural history geogra- 
phy, domonstratod, that zones of elevation on mountains correspond to 
parallels of latitude, tho higher with the more northern or soutiem, as 
the case might be. It is well known that this «orreapondenee is recog- 
nized in the general /aciu of the flora and fauna, dependent on generiu 
correspondences, specific reprcBenlotivcB, and in soma caMS, specific 
identities. But when annonncing and illustrating the law, that climatal 
3S of animal and vegetable life are mutually repeated or represented 
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elk, for instance, lives in the Scandinavian peninsula, almost 
ten degrees further north than in the interior of Siberia, where 
the line of equal winter temperature is so remarkably concave. 
Plants migrate in the germ ; and, in the case of many speciee, 
the seeds arc furnished with organs adapting thran to be con- 



representative specien and by idenHceH, In reaKty, the former 
üally depend on the law, the latter being an accident noi necenuilj 
dependent npon it, and which has hitherto not been aoooonted for. In 
the case of the Alpine flora of Britain, the evidence of the activi^ d 
the law, and tbc influence of the accident, are inseparable, the law beimg 
maintained by a transported flora, for the trangmission of which I ham 
diown we cannot account by an appeal to mK^uestionable geokgieal 
event». In the cose of the Alps and Carpathians, and some otker 
mountain ranges, we And the law maintained partly by a representetiTe 
flora, special in its region, %, e., by q»ecific centres of their own, aad 
partly by an assemblage more or less limited in the several ranges af 
identical species, these latter in several cases so numerous, that ordinaij 
modes of transportation now in action can no more account for their 
presence, than they can for the presence of a Norwegian flora cm the 
British mountains. Now I am prepared to maintain, that tiie bum 
means which introduced a sub-arctic (now moontaiB) floi» into BtfUi^ 
acting at the same epoch, originated the identity, as £ur as it goes, of 
the Alpine floras of Middle Europe and Central A^ For now that we 
know the vast area swept by the glacial sea, including almost the whole 
of Central and Northern Europe, and belted by land, since greatly up- 
lifted, which then presented to the waters edge Üiose dimatal conditioni 
for which a sub-arctic flora — destined to become Alpine — was qsedally 
organised, the difficulty of deriving such a flora from its parent nortii, 
and of difiiising it over the snowy hills bounding this glacial ocean, 
vanishes, and the presence of identical species at such distant points 
remains no longer a mystery. Moreover, when we consider that the 
greater part of the northern hemisphere was imder such dimatal condi- 
tions during the epoch referred to, the undoubted evidences of whicb 
have been made known in Europe by numerous British and Continentid 
observers, on the bounds of Asia by Sir Roderick Murduson, in Amnios 
by Mr. Lyell, Mr. Logan, Captain Bayfield, and others ; uid that the 
botanical (and zoological as well) region, essentially northern and Alpine, 
designated by Professor Schouw that ' of saxifrages and mosses,' and 
first in his classification, exists now only on ike flanks of the great ares 
which Bufiered such conditions; and that, though similar conditioQS 
re-appear, the relationship of Alpine and Arctic vegetation in the 
southern hemisphere, with that in Üie northern, is entirely maintained 
by representcUive, and not by identical qsedes (the representative, too, 
being in great part generic, and not specific) ; the general truth of aiy 
explanation of Alpine floras, including identical species, becomes so 
8tn)ng, that the view proposed acquires Mr claims to be ranked as a 
thfioiy and not considered merely a convement or bcdd hjpathBOL** 
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veyed to a distance thiougli the air. When once they hxve 
taken root, tliey become dependent on the soil and on the 
ati-ata of air surroimding them. Animab, on the contrary, can 
at pleasure migrate from tiie equator towards the poles ; and this 
they can more especially do where the isothermal linCB are 
much inflected, and where hot summers succeed a great degree 
of winter cold. The roynl tiger, which in no respect diSfers 
ftran the Bengid species, penetrates ererj- summer into the norÜi 
of Asia as far tis the latitades of Berlin and Hamburgh — a faot 
of which Ehrenberg and myself have spoken in other woiis.* 

The grouping or association of different vegetable 
to which we are accustomed to apply the term Floras. 
appear to me, irom what I have observed in diilerent portions 
erf the earth's sur&ce, to manifest such a predominance of 
individual families as to justify us in marking the geographical 
distinctions betweeu the regions of the UmbellattE, of the S(di- 
dflgica), of the Labiatro, or the Scitaminetc. With reference to 
this subject, my views differ from those of several of my 
friends, who rank among the most distinguished of the 
botanists of Germany. 'Hie character of the floras of the ele- 
vated plateaux of Mexico, New Granada, and Quito, of Euro- 
pean Russia, and oS. Northern Asia, consists, in my opinion, 
BOt so much in the relatively lai^;er number of the speciei 
presented by one or two natural families, as in the more com- 
plicated relations of the co-existence of miuiy üunilies, and in 
the relative numerical value of tieir species. The Gramineie 
and the Cypemoece undoubtedly ^edominatc in meadow lands 
and steppes, as do Conifers, CiqiulitcrsB, and Betubneee. in our 
aorthcra woods ; but this predominance of certain Ibrms is 
(»dy apparent, and owing to the aspect imparted by the social 
jdants. The north of Europe, and that portion of Siberia 
■which is situated to the north of the Altai mountains, have no 
greater rij^t to the appellation of o region of GrominoiB and 
ConiferEo, than have the boundless llanos between the Orinoco 
uid the mountain chain of Caracas, ot tbe pine forests of 
Mexico. It is the co-eristence of forms which may partially 
replace each other, and their relative nnmhers and association, 
which give rise either to ' 
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Snd diversity, or of poverty and uniformity ii 
tion of the vegetable world. 

In this fragmentary sketct of the phenomena of Organisa- 
tion, I have ascended from the simplest cell* — the first mani- 
festation of life — progressively to higher stmctores. " The 
association of mucous granules constitutes a definitely-fonned 
cytoblast, around which a veaiculaT membrane forma a closed 
cell,'' this ceU being either produced from another pre-existing 
cell.t or being due to a cellular formation, which, as in the 
case of the fcrmentation-fiingus, is concealed in the obscurity 
of some unknown chemical pToccs84 But in a work like the 
present we can venture on no more than an allusion to the 
mysteries that involve the q^uestion of modes of origin — the 
geography of animal and vegetable organisms must limit 
itseQ' to the consideration of germs, already developed, of 
their habitation and transplantation, either by voluntary or 
involuntary migrations, their numerical relation, and their 
distribution over the surface of the earth. 

The general picture of nature which I have endeavoured to 
delineate, would be incomplete, if I did not venture to trace H 
few of the most marked features of the human race, consi- 
dered with reference to physical gradations — to the geogra- 
phical distribution of contemporaneous types — to the influence 
eiercised upon man by the forces of nature, and the reciprocal, 
although weaker, action which he in his turn exercises on 
these natural forces. Dependent, although in a lesser degree 
than plants and animals, on the soil, and on the meteorological 
processes of the atmosphere with which he is surrounded — 
escaping more readily from the control of natural forces, by 
activity of mind and the advance of intellectual cultivation, 
no less than by his wonderful capacity of adapting himself to 

* Schleiden, Udifr die EtitviidAmgnceüe der PfiaHsenUUen, in 
Mul1ar'a^re/iip/ar-4naAwiit«uiniPSj«t'o(o?te, 1838, 8. IS7-176;»1bo 
bU Grundzüge der wiggentedia^icheti Bolanii, Ih. L a. 191, and th. iL 
fi. 11. Schwann, Mitroscopiaciie Unterrndtungen über die De5«ms- 
Mimmioig in der StmktntT wad dem Wachelhum der Thiere und Pßa^ 
ten, 1B30,S, 45, 320, Comptire also, on Bimilai propagatiim, Job. MOllw, 
Phyeiologie da JUeatchen, 1840, th. ii. s, 814, 

+ Sehieiden, Qrvndzüffe der viiatetUachaßlichen Botanik, 1842, IkL 




all climates — man ercrywherc becomes moBt essentially a 
ciiited witli terrestrial life. It is by these relations that the 
obscure and much contested problem of the posisibility of one 
common descent, enters into the sphere embraced by a general 
physical cosmography. The investigation of this problem will 
impart a nobler and, if I may so express myself, more purely 
human interest to the doaing pages of this section of my work. 

The vast domain of language, in whose varied structure we 
see mysteriously reflected the destinies of nations, is most 
istimateiy associated with the affinity of races ; and what 
even slight differences of races naay effect, is Btrikingly mani- 
fested in the history of the Hellenic nations in the zenith of 
their iatellectual cultivation. The most important questions 
of the civilisation of mankind, are connected with the ideas of 
races, community of language, and adherence to one original 
direction of the intellectual and moral faculties. 

Ab long as attention was directed solely to the extremes i 
varieties of colour and of form, and to the vividness of th 
first impression of the senses, the observer was naturally dis- 
posed to regard races rather as originally different species 
than as mere varieties. The permanence of certain types* in 
the midst of the most hostile inEnences, especially of climate, 
appeared to favour such a view, notwithstanding the shortness 
of the interval of time from which the historical evidence was 
derived. In my opinion, however, more powerful reasons 
be advanced in support of the theory of the unity of Üie 
human race, as, for instance, in tlie many intermediate grada^ 

* Tacitus, in his epGculations on Üie inhabitiuils of Britain, (Agricola, 
ctp. ii.,) diBtingaiabea with much judgment between Uiat nhich may be 
owing to the local climatic relations, and that which, in the immigrating 
races, may be owing to the unehangeablc influence of a hereditär; and 
tansmitwd type, " Britanmam qui mortalea initio coluernut, indigec» 
an advecti, nt inter barbaros, parum eompertum. Habitus corporis 
varii, alque ex eo at^umenta ; namque rutiisa Caledoniam liabitantium 
comee, magiii artu» Germanicam origiaem adseverant. Bilurum calomti 
TultuB et torti plerumque crines, el posita contra Hiapania, Iberoa 
veterel trajecisae, eaeque cedes occupasse fidcm faciunt : proiimi Qallis, 
et similes sunt : sen durante originis vi ; bou procun-entibus in diversa 
tenia, positio «eli corporibus habifora dedit." Regarding the persiBtency 
of types of confonuatiob, in the hot and cold regions of the earüt, and 
in äie mouQtainoua districlä of the New Continent, see my Belaiion 
hittoriqiie, L i. pp. 493, 503, and t. iL pp. 572, 571. 
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tions* in the colour of the skin and in the form of the dciU, 
which have been made known to ns in recent times by the 
rapid progress of geographical knowledge— the analeres picw 
sented by the varieties in the species of many wild and 
domestioated animals — and the more correct observations col- 
lected regarding the limits of fecundity in hybrids.t Hie 
greater numb^ of the contrasts whidi were formerly supposed 
to exist, have disappeared bef<M:e the laborious researdies of 
Tiedemann, on the brain of negroes and of Europeans, and the 
anatomical investigations of VitDÜk and Web^*, on the form 
of the pelvis. On comparing the dafk^ooloured African 
nations, on whose physiod history Üie admirable work of 
Prichard has thrown so much light, with the races infaMntBg 
the islands of the South-Indian and West-Australian ardxi« 
pelago, and with the Papuns and Alfourous (Haroforas, "EBiä^ 
mencs), we see that a black skin, woolly hair^ and a n^gro-liks 
cast of countenance are not necessarily connect^ together.! 
So long as only a smaH portion of the «artk was knoi«« to 
the Western nations, partial ^ews neoessatily predominated^ 
and tropical heat and a black skin consequently appeared »* 
separable. '^ The Ethiopians,'' said the ancient tragic poet« 
Theodectes of Phaselis,§ " are coloured by the near Sun^god 
in his course, with a sooty lustre, and their hair is dried and 
crisped with the heat of his rays." The campaigns of Alex- 
ander, which gave rise to so many new ideas regarding 
physical geography, likewise fibrst excited a discussion on the 

* On the American races generally, see the magnificent work of 
Samuel George Morton, entitled Crania americana, 1839, pp. 62, 86; 
and on the skulls brought by Pe&tlfmd from the higkltfnds of TitScsca, 
see the Dublin Journal of Medical and Chemical Science, voL v., 18W, 
p. 475 ; also Alcide d'Orbigny, Vhonvme Am^ricain conMiri mue m$ 
rapports physiol. et mor., 1889, p. 221; Mad the work by Pdnoe Mian» 
milian of Wied, which is well worthy of notice for the adndrabte etfase* 
gn^hicAl remarks in which it abound«, entitled Meise in doe tmart 
von Nordamerika (1839). 

+ Rudolph Wa^er, Ueber Blendlinge und Bastarderzeugungt » 
his notes to the German translation of Prichwrd's P^sical Bieterg ^ 
Mankind^ vol. i. pp. 138-1Ö0. 

t Prichsa^, op. cit., vol. ii. p. 824. 

§ Onesicritus, in Strabo, xv. pp. 6&0^ 696, Oasamb. Welck», ÖWf* 
cfUsche Tragödien^ abth. Ui. s. 1078, conjectures that tiie verses ef 
Theodectes, cited by Strabo, are taken from a lost tragedy, whiok pro- 
bably bore the title of " Memnon.** 



problematical influence of climate on races, " Families of 
animals and plants," nritea Di:e of the greatest anatomists of 
the day, Johannes Müller, in liifl noble and comprehensiTC 
work, Physiologie des Mentchen, " undergo, within certiuti 
limitatiooE peculiar to the different raceii and species, Tariona 
modifications in tieir distribution over the suifece of fl» 
earth, propagating these variations as organic types of spe» 
Öefl.* The present races of animals have been pr duced I^ 
* [In ilinetnitioii oCtbis, the conclmioQS of Profeemr Edirard Forbo^ 
mpeotiiig the sriKin md diffiiaicm of the British flora, mBy tie d(«d. 
See the Survey Memoir »treacly qnoted, On Sie Connetiion helween äie 
DUiribvtion q/' the exiatiny Fauna and Flora qf Oie Briiinh lelandt, 
&!., p. 66. " 1. The fiora and faiiim, terrestrial and marlae, of the 
British islands und seas, h&vc or^nalcd, go hr as that area is eoncemed, 
fdnce the mcjocene epoch. 2. Tbe wsemblageB of uiim^e and plaata 
eompoaing that fsmia oad flora, did not appear in ihe area they now 
inbabtt simulUDeooslj, bat at several distinct paints in time. 3. Both, 
the fauna and flora of iho British ialandä and seas are composed paiHy 
of species which, either pennanentl; or for a time, l^earcd in that 
area before the glacial epoch ; partly of such as inhabited it daring ÜAt 
epoch; and tn great part of those which Aid not appear there imtil 
iflerwinls, and ithose appearance on the Earth was ci>ev»l with tbe 
elevation of the bed of the glacial sea, and the conseqaent climatal 
dianseB. i. The greater part of the («rreatrial animals and flowering 
plants now inhabiting the British Lslands, are members of specific 
centres beyond t^ieir area, and have migrated to it over continnona land 
before, during, or after tbe glacial epoth. 5, The climatal conditions of 
the area imder discnssion, and north, east, and west of it, were severer 
dnring tbe glMial epoch, when a great part of the space now occupied 
by the British iaies was under water, than thej arc now or wore before ; 
bat there ia good reason to believe, that so far from those conditions 
having contumed severe, or having gradually dinnnished in severity 
«outhHards of Britain, the cold region of the glacial epoch came 
directly into contact with s region of more southem acd thermal 
character than that in which tbe most soullieni bede of glacial drift ate 
now ta be met mth. 6. This state of things did not materially diff^ 
from that now eiisUng, ander correeponding latitudes, in the Nor|]i 
American, Atlantic, and Arctic scai, and on Uieir bounding ahorea. 
7. The Alpine floras of Europe uid Ada, so far as Ihej are identical 
with the flora of the Arctic and eub-Arelic zonea of tbe Old Worid, are 
fragments of a flora which was difiused from tbe north, either by neaQB 
of transport not now in actjon on the temperate coasts of Europe, or 
over continuous laml which no longer ciilta. The deep sea fauna is in 
like manner a fragment of the genei»! glacial fauna. 8. Tbe floras of 
the islands of the Atlantic region, between tbe Gulf »ecd Bank and |}ie 
Old World, are fragments of the great SIcditerrunean flora, i 
dlfiiued oyer ■ Und ooutitoted out of Uie upheaved and n~~ 
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the combined action of many different internal, as well as 
external conditions, the nature of which cannot in all cases 
be defined, the most striking varieties being found in those 
fiunilies which are capable of the greatest distribution oyer 
the surface of the eardi. The different races of mankind are 
forms of one sole species, by the imion of two of whose mem- 
bers descendants are propagated. They are not different 
species of a genus, since in that case their hybrid descendants 
would remain imfiruitful. But whether the human races have 
descended firom several primitive races of men, or fix>m one 
alone, is a question that cannot be determined from expe- 
nence. * 

Geographical investigations regarding the ancient seat, the 
so-called cradle of the human race, are not devoid of a mythical 
character. " We do not know," says Wilhelm von Humboldt, 
in an unpublished work. On the Varieties of Languages and 
Nations, ** either from history or from authentic tradition, 
any period of time in which the human race has not been 
divided into social groups. Whether the gregarious condition 
was original, or of subsequent occurrence, we have no historic 
evidence to show. The separate mythical relations found to 
exist independently of one another in different parts of the 
earth, appear to refute the first hypothesis, and concur in 
ascribing the generation of the whole human race to the union 
of one pair. The general prevalence of this myth has caused 
it to be regarded as a traditionary record transmitted from 

submerged bed of the (shallow) Meiocene Sea. This great flora, in the 
«poch anterior to, and probably in part during the glacial period, had 
a greater extension northward than it now presents. 9. The termina- 
tion of the glacial epoch in Europe was marked by a recession of an 
Arctic fauna and flora northwards, and of a fauna and flora of the 
Mediterranean type southwards ; and in the interspace thus produced 
there appeared on land the Germanic fauna and flora, and in the sea 
that fauna termed Celtic. 10. The causes which thus preceded the 
appearance of a new assemblage of organised beings, were the destruc- 
tion of many species of animals, and probably also of plants, either 
forms of extremely local distribution, or such are were not capable of 
enduring many changes of conditions, — species, in short, with very 
limited capacity for horizontal or vertical diflftision. 11. All the changes 
before, during, and after the glacial epoch, appear to have been gradual, 
and not sudden ; so that no marked line of demarcation can be drawn 
between the creatures inhabiting the same element and the same locality 
druiag two proximate periods."] — TV. 
* J oh, MUUer^ Physiologie des Meu8ch«a,\A.Y^^*l^%« 



the primitive man to his descendants. But this very circum- 
stance seems rather to prove that it has no historic!il founda- 
tion, hut has simply arisen irom an identity in the mode of 
iBtcUectual conception, -which has everywhere 
adopt the same conclusion regarding identical phi 
the same manner as many myths have douhtlessly arisen, not 
from any historical connection existing between them, bnt 
rather from an identity in human thought and imagination. 
Another evidence in favour of the purely mythical nature of 
this belief is afforded by the thct that the first origin of man- 
kind — a phenomenon which is wholly beyond the sphere of 
experience — is explained in perfect conformity with, existing 
views, being considered on the principle of the colonisation of 
some desert island, or remote mountainous valley, at a period 
when mankind hod already existed for thousands of years. It 
is in Tain that wo direct our thoughts to the solution of tho 
great problem of the £rst origin, since man is too intimately 
associated with his own race, and with tlie relations of time, 
to conceive of tho osistence of an individual independently of 
a preceding generation and age. A solution of those difficult 
questions, which cannot be determined by inductive reasoning 
01" by experience — whether the belief in tbin presumed tradi- 
tional condition be actually based on historical evidence, or 
whether mankind inhabited the earth in gregarious associa- 
tions from the origin of the rac»i — cannot therefore be deter- 
mined from philological data, and yet its elucidation ought 
not to be sought from other sources." 

The distribution of mankind is therefore only a distribution 
into varieties, which are commonly designated by the some- 
what indefinite term races. As in the vegetable kingdom, and 
in the natural history of birds aad fishes, a classification into 
many small fiunilies is baaed on a surer foundation than where 
large sections are separated into a few hut lai^ divisions ; so it 
also appears to me, that in the determination of races a pi-c- 
fcrence should be given to the celablishracnt of small fanuliea 
of nations. Whether we adopt the old cliiasification of my 
master, Blumenbach, and admit ßve races, (the Caucasian, 
Mongoban, American, Ethiopian, and Malayan.) or that oi 
Pricliard, into aeven races,* (the Iranian, Turanian, American, 
Hottentots and Bushmen, Negroes, Papuas, and Alfomous,) 
we iaÜ to recognise any tj-picd sharpness of definition, or any 
* Prlehard, op. cit., vol. i. p. 24T. 
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general or well established prineiple, in the division of these 
groups. The extremes of form and cokmr are certainly sepa- 
rated, but without regard to the races, which cannot be 
included in any of these classes, and which haTe beea 
alternately termed Seythian and Allophyllic. Iranian is 
eertainly a less objectionable term for tiie European nations 
than Caucasian; but it may be maintained generally, that 
geographical denominations are very yague when used to 
ex][Nress the points of departure of races, more especially 
where the country which has given its name to the race, as, 
Ibr instance, Turan (Maweranimhr) has been inhabited at dif- 
ferent periods* by Indo-Qermanic and Finnish, and notbj 
Mongolian tribes. 

Languages, as intellectual creations of man, and as closely 
interwoven with the development of mind, are, independ- 
ently of the national form which they exhibit, of the greatest 

* The late arrivBl of the Turkish and M<mgolian tribes on the Oxiu 
«nd ou the Kirghis Steppes, is opposed to the hypothesis of Kiebuhr, 
according to which the Scythians of Herodotus and Hippocrates were 
Mongolians. It seems far more probable that the Scythians (Scoloti) 
ihould be referred to the Indo-Germanic Massaget« (Alani). The Mon- 
golian, true Tartars, (the latter term was afterwards &lsely giyen to 
purely Turkish tribes in Bussia and Siberia,) were settled, at that 
period, far in the eastern part of Asia. See my Asie centrale^ t. L 
pp. 239, 400 ; Examen critique de Vhiatoire de la Oiogr., th. ii. p. 320. 
A distinguished philologist, Professor Buschmann, calls attention to 
the circumstance that the poet Firdousi, in his half mythical prefatory 
remarks in the Schahnarneh, mentions " a fortress of the Alani," on the 
sea-shore, in which Selm took refuge, this prince being the eldest son 
of the King Feridun, who in all probability lived two hundred years 
before Cyrus. The Kirghis of the Scythian steppe were originally 
a Finnish tribe ; their three hordes probably constitute in the present 
day the most numerous nomadic nation, and their tribe dwelt, in the 
sixteenth century, in the same steppe in which I have myself seen them. 
The Byzantine Menander, (pp. 380-382, ed. Nieb.) expressly states 
that the Chacan of the Turks (Thu-Khiu), in 569, made a present of a 
jKirghis slave to Zemarchus, the aml)assador of Justinian II. ; he terms 
her a x^PY'C; and we find in Abulgasi {Historia Mongolorum et Tatar 
rorum), that the Kirghis are called Kirkiz. Similarity of manners, 
where the nature of the country determines the principal character- 
istics, is a very uncertain evidence of identity of race. The life Of the 
steppes produces amongst the Turks (Ti Tukiu), the Ba^chkirs (Fins), 
the Kirghis, the Torgodi and Dsungari (Mongolians), the same habits 
of nomadic life, and the same use of felt tenia, carried on wagons and 
pitched amongst herds of catUe. 
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importance in the recognition of similnritiee or differences in 
races. Thia importance i« especially owing to the due wliiob 
a Community of descent afibrda in trending that myste-rious 
labyrinth in which the connection of physical powers, andintei- 
lectuol forces, initnil^ts itself in a thousand different ibrmH. 
The brilUant progress made within the last half century, is 
Qeneony, in phitosophiciLt philology, has greatly feoilitated 
our investigations into the national character* of langnagea, 
aad the influence exercised by descent. But here, as in aH 
domains of ideal speculation, the dangers of deception ara 
olosely linked to tie rich and certain profit to he derived. 

Positive ethnographical studies, hased on a thorough know- 
le^;e of history, teaoh us that much caution should bet 
applied in entrnng into these comparisons of nations, and 
«^the languages employed by tkem at certain epochs. Subjec- 
tion, long association, the influence of a foreign religion, the 
blending of races, even when only including a small number 
of the more influential and cultivated of the immigrating 
tribes, have produced, in both continents, similarly recur. 
ring phenomena; as, ibr instance, in introdncing totally dif- 
ferent families of languages aniongat one and the same race, 
and idioms, hai-ing one common root, amongst nations of the 
mMt different origin. Great Asintic conquerors have exer- 
oised the most powerful influenae on phenomena of this kind. 

But language is a part and parcel of the history of the 
development of mind; and. however happily the human 
intellect, under the most dissimilar physical conditions, may 
unfettered pursue a self-chosen track, and strive to free itself 
from the dominion of terrestrial influences, this emancipation 
is never perfect. There ever remains, in the natural capaci- 
ties of the mind, a trace of something that has been derived 
ftom the influences of race or of cHraate, whether they he 
associated with a land gladdened by cloudless azure skies, 
or with the vapoury atmosphere of an insular region. As, 
therefore, richness and grace of language are unfolded from 
tlie most luxuriant depths of thought, we have been unwilling 
wholly to disregard the bond which so closely links together 
tlie physical world with the sphei« of intellect and of tho 

" TVilhelm von Hamboldt, Ueber die VersdiUdtiihint der ntewcA- 
lidiea Sprachbimei, iu hia great work UtAcr di« Kmai-S^ache mif 
der Jiaei Java, bil. L b. ixi. ilvlli. jind 
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feelings, by depriving this general picture of natqre of those 
brighter lights and tints, which may be borrowed from con- 
siderations, however slightly indicated, of the relations exist- 
ing between races and languages. 

Whilst we maintain the imity of the human species, we at 
the same time repel the depressing assumption of superior 
and inferior races of men.* There are nations more suscep- 
tible of cultivation, more highly civilized, more ennobled by 
mental cultivation than others — ^but none in themselves nobler 
than others. All are in like degree designed for freedom; a 
freedom which in the ruder conditions of society belongs 
only to the individual, but which in social states enjoying 
pohtical institutions appertains as a right to the whole body 
of the commimity. " If we woidd indicate an idea which 
throughout the whole course of history has ever more and 
more widely extended its empire— or which more than any 
other, testifies to the much contested and still more decid- 
edly misunderstood perfectibility of the whole himmn race — 
it is that of establishing our conmion humanity-— of striving 
to remove the barriers which prejudice and limited views of 
every kind have erected amongst men, and to treat all mankind 
without reference to religion, nation, or colour, as one frater 
nity, one great community, fitted for the attainment of one 
object, the unrestrained development of the phychical powers. 
This is the ultimate and highest aim of society, identical with 
the direction implanted by nature in the mind of man towards 
the indefinite extension of his existence. He regards the 
earth in all its limits, and the heavens as far as his eye can scan 
their bright and starry depths, as inwardly his own, given 
to him as the objects of his contemplation, and as a field 
for the development of his energies. Even the child longs 
to pass the hiUs or the seas which enclose his narrow home; 
yet when his eager steps have borne him beyond those limits, 
he pines, like the plant, for his native soil : and it is, by this 
touching and beautiful attribute of man — ^this longing for that 
which is imknown, ancj this fond remembrance of that which 
is lost — that he is spared from an exclusive attachment 

* The very cheerless, and in recent times too often discussed, doctrine 
of the unequal rights of men to freedom, and of slavery as an institu- 
tion in conformity with nature, is unhappily found most systematically 
developed in Aristotle's Politica, i. 3, 6, 6. 
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to the present. Thus deeply rooted in the iimermost nature 
of man, and even enjoined upon him by his highest tenden- 
cies — the recoguition of the bond of humanity becomes one of 
the noblest leading principlcB in the history of mankind."* 

With these woi^ which draw their charm fi-om the depth« 
of feeling, let a brother be permitted to close this general 
description of the natural phenomena of the universe. From 
the remotrat nebulee and from the reyolying double stars, we 
have descended to the minutest organisms of anima! creation, 
whether manifested in the depths of ocean, or on the surface 
of our globe, and to the delicate vegetable germs which clothe 
the naied decKvity of the ice-crowned mountain summit ; and 
here we have been able to arrange these phenomena according 
to partially known laws; but other laws of a more mysterious 
nature rule the higher spheres of the oi^anic world, in which 
Is comprised the human species in aU its varied eonformation, 
itt creative inteDeetual power, and the languages to whieh 
it has given existence. A physical delineation of nature 
terminates at the point where tie sphere of intellect begins, 
and a new world of mind ia opened to our view. It marks the 
limi t, hut does not pass it. 

' Wilhelm von Humboldt, Uebfr die Katei-Spraehe, bd. iii. s. i28. 
I subjoiQ the following extract from tbii wort : " The impetuouB con- 
quests of Alexander, the more politic and premeditated eitension of 
territory made h; the Romans, the wild and cruel ineuTBioDB of the 
Mexicans, and the despotic acqaieitioiiB of the Incas, have in both hemi- 
ispherca CQDtributed to put an end to the sepirate eiiatence of many 
tribes as icdependant nations, and tended at the aame time to estahlish 
more extended inlemational amalgamation. Men of great and strong 
minds, ss well as whole nations, acted under the influence of one idea, the 

fiurily of which was, however, utterly unknown to them. ItwaaehriBtian- 
ly which firat promulgated the truth of lis exalted charity, although 
tho Becd eown yielded but a alow and scanty harvest. Before the reli- 
^on of Christ manifested its form, ita cxigtecce was only revealed by a 
Kunt foreshadowing preBcctimeut. In recent ümes, the idea of eivilisa- 
tiou has acquired additional intpo^ty, and has given rise to a desira of 
«xtendiug more tAdely the relationa of national intercourse and of 
Intellectual cultivation ; even eelSshneBS begins to learn that by euch a 
conrES its interesta will be better served, than by violent and forced 
Isolation. Language, more than HDy other attribute of mankind, binda 
together the whole human race. By ita idiomatic properties, it cer- 
tainly seems to separate nations, but the reciprocal underataading of 
foreign languages connects men together on the other hand without 
iiguriDg Individual nalioDdl chamcteristics.* 
Voj.. I. 
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Gigantic Bikds of New Zealand. — ^Vol. I. page 291. 

An extensive and highly interesting collection of bones, referable to 
several species of the Moa (Dinomis of Owen), and to three or fosr 
other genera of birds, formed by Mr. Walter Mantell, of Wellington, 
New Zealand, has recently arrived in England, and is now deposited^in 
the British Museum. This series consists of between 700 and 800 speoi- 
mens belonging to different parts of the skeletons of many individuals 
of various sizes and ages. Some of the largest vertebrae« tibi», and 
femora, equal in magnitude th^ most gigantic previously known ; while 
others are not larger than the corresponding bones of the living Apteryx. 
Among these relics are the skulls and mandibles of two genera, the 
Dinomis and Palapteryx ; and of an extinct genus, Notomis, allied to 
the Rallidce; and the mandibles of a species of Nestor^ a genus of 
nocturnal owl -like parrots, of which only two living species are known.* 

These osseous remains are in a very different state of preservation from 
any previously received from New Zealand; they are light and porous, and 
of a light fawn-colour ; the most delicate processes are entire, and the 
articulating surfaces smooth and uninjured ; fragments of eggshells^ and 
even the bony rings of the trachea and air tubes are preserved. 

The bones were dug up by Mr. Walter Mantell, from a bed of marly 
sand, containing magnetic iron« crystals of hornblende and augite, and Üie 
detritus of augitic rocks and earthy volcanic tuff. This sand had filled 
up all the cavities and cancelli, but was in no instance consolidated or 
aggregated together ; it was, therefore, easily removed by a soft brush, 
and the bones perfectly cleared without injury. 

* See Professor Owen's Memoir on these fossil remains, in Zoological Transactions, 

1848. 
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The spot whence these preeious relics of the cotosMl bh-ds that once 
inhabited the islands of New Zealand were obtained, is a flat tract of 
land, near the embouchure of a river, named Waingongoro, not far frooi 
Wanganui, which has its rise in the volcanic regions of Mount Egmont. 
The natives affirm that this level tract was one of the places first dwelt 
upon by their remote ancestors ; and this tradition is corroborated by the 
existence of numerous heaps and pits of ashes and charred bones, indicating 
ancient fires^ long burning on the same spot. In these fire-heaps Mr. 
Mantell found burnt bones of men, moa9, and dogs. 

The fragments of egg-shells^ imbedded in the ossiferous deposits, had 
escaped the notice of all previous naturalists. They are unfortunately 
very small portions — the largest being only four Inches long — ^but they 
afford a chord by which to estimate the size of the original : Mr. Mantell 
observes that the egg of the Moa must have been so large that a hat would 
form a good egg-cup for it. These relics evidently belong to two or 
more species, perhaps genera. In some examples the external surface is 
smooth; in others it is marked with short intercepted linear grooves, 
resembling the eggs of some of the Struthionidae, but distinct from all 
known recent types. In this valuable collection only one bone of a 
mammal has been detected^ namely, the femur of a dog. 

An interesting memoir^ on tbe probable geological position and 
age of the ornithic bone- deposits of New Zealand, by Dr. Mantell^ 
based on the observations of his enterprising son^ is published in the 
Quarterly Journal of the Geological Society of London (1848). It 
appears that in many instances the bones are imbedded in sand and clay, 
which lie beneath a thick deposit of volcanic detritus, and rest on an 
argillaceous stratum abounding in marine shells. The specimens found 
in the rivers and streams have been washed out of their banks by the 
currents^ which now flow through channels from ten to thirty feet deep, 
formed in the more ancient alluvial soil. Dr. Mantell concludes that 
the Islands of New Zealand were densely peopled at a period geologically 
recent, though historically remote, by tribes of gigantic brevi-pennate 
birds allied to the ostrich tribe, all, or almost all, of species and genera 
now extinct; and that subsequently to the formation of the most ancient 
ornithic deposit, the sea-coast has been elevated from fifty to one hundred 
feet above its original level; and hence the terraces of shingle and loam 
which now skirt the maritime districts ; the existing rivers and mountain 
torrents flow in deep gullies which they have eroded in the course of 
centuries in there pleistocene strata, in like manner as the river courses of 
Auvergne, in central France, are excavated in the mammiferous tertiary 
deposits of that country. The last of the gigantic birds were probably 

2 B 2 
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czterBuiMted, like the Dodo, bj luunan agenej : some snail tpeaes alBed 
to the kptajT, may poaibly be met with in the miezploted parts of the 
Jfiddle Iiland. 

Thb Dodo. — ^VoL I. page 291. 

A moft Taloable and highly inteieating history of the Dodo and its 
kindred* has recently appeared, in which the history, affinities, and osteo- 
logy of the Dodo, Solitaire, and other extinct birds of the Islands 
Manritiiis^ Rodriguez, and Bourbon, are admirably elucidated, by H. G. 
Strickland (of Oxford), and Dr. G. A. Melville. The historical part is by 
the former, the osteological and physiological portion by the latter eminent 
anatomist. We would earnestly recommend the reader interested in the 
most perfect history that has ever appeared, of the extinction of a race 
of large animals, of which thousands existed but three centuries ago, to 
refer to the .original woric. We have only space enough to state that 
the authors have proved upon the most incontrovertible evidence, that the 
Dodo was neither a vulture, ostrich, nor galline, as previous anatomists 
supposed, but Kfirugtverout pigeon. 

* The Dodo and it* Kindred. Bj Mes««. Strickland and Melvine. 1 vol., 4to., Kith 
numerous plates. Reeves, London, 1848. 
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3IP; his imestigHtumi on die che- 
mical analvflia of Ihe almoaphere, 
317.318; on the me«! aiidi- ' 
licyofnin in different paiu 
Anariia, 341, S43. 



See Dola bj Tinnslal 
Sumes, Sir Alexnnder 
of the abnwphere ii 
1ÜI; propaHBli™ of 



1 de Joniile. 

,337. 

on Ü» purity 

Sakhan, lOD, 



of Hie 



I of diB Mmo- 



Brude, Laila of tboating staia, 100, 
102 ; height and velodlj of shoaling 
Stan. 107; Iheii periods falli, 113. 

dsil; OKillUione of' (he baromewr 
in 70° nnrlh lalihida, 330; dif»i)iii- 
tion oflhs qunDtitj uf niH in Cen- 
tn] Europ«, »41; donbU on the 
greater drjiwsa of mountain air, 
342, 
BmreliT, Sir Dacid, fint detected lbs 

magnolic linen and inj iutherjnal 
hnaa. 187. 

an, Adolphe, luTurii 
ptimilire vegetable nocid, 315; fo 
«il flara coalBinad id uul 



le Cape nf Good Hope, IBl. 

dan, qiiiulily of caiu at Santa F6 

a Bogou, 341. 

»nrgo'a M.S. MUhria di TloKala. 

30. 

locci, hia obaervationa on periodic 



Catra ' 
Cami 



fi,160;MoantC«da,163. 

rble, 263, 204, 
hia definition of " Nature," 31. 
a Rea. iu periedia riae and Ml, 



>ominicnA, on Üie Zodiac^ 
lighti 127,128; bjpoUHaiaen, 130; 
hit diuovorr of llie aphsroiilal Arm 
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Charpentier, M.. belemnites foand in 
the primitiTe limefttone of the Col de 
la Seigne, 262 ; glaciers, 336, 337. 

Chemistry, as distinguished from phy« 
sica, 44 ; chemical affini^, 44. 

Chevandier, calcalations on the carbon 
contained in the trees of the forests 
of onr temperate zones, 284. 

Childrey first described the Zodiacal 
light, in his Britannia Baconica, 
127, 128. 

Chinese accounts of comets, 84, 85, 
86 ; shooting stars, 116;' fire springs,' 
140; knowledge of the magnetic 
needle, 173 ; electro-magnetism, 182, 
183. 

Chladni, on meteoric stones, &c., 
105, 124; on the selenic origin of 
aib'rolites, 108; on the supposed 
phenomenon of ascending shooting 
stars, 110; on the obscuration of the 
Sun s disc, 121 ; sound-figures, 124 ; 
pulsations in the tails of comets, 
133. 

Choiseul, his chart of Lemnos, 246. 

Chromatic polarization. See Polariza- 
tion. 

Cirro-cumulns cloud. See Clouds. 

Cirrous strata. See Clouds. 

Clark, his experiments on the varia- 
tions of atmospheric electricity, 343. 

Clarke, J. G., of Maine. U.S., on the 
Cometof 1843, 85, 86. 

Climatic distribution of heat. 819, 823 
—335 ; of humidity, 335, 841 , 342. 

Climatology, 323—836; climate, ge- 
neral sense of, 323, 324. 

Clouds, their electric tension, colour 
and height, 344, 345 ; connection of 
cirrous strata with the Aurora Bo- 
realis, 191; cirro-cumulous cloud, 
phenomena of, 192; luminous, 197; 
Dove on their formation and ap- 
pearance, 321, 322; often present 
on a bright summer sky the 'pro- 
jected image' of the soil below, 322; 
volcanic, 231. 

Coal formations, ancient vegetable re. 
mains in, 282, 283. 

Coal mines, depths of, 140 — 151. 

Colebrooke, on the snow line of the 
two sides of the Himalayas, 10. 

CoUadon, electro-magnetic appacatus, 
843. 

Columbus, his remark that ' the Earth 



is small and narrow,' 155 ; found the 
compass showed no variation in the 
Azores, 174, 175; of lava streams, 
345; noticed coniferee and pain» 
growing together in Cuba, 285; re> 
marks in his journal on the equato- 
rial currents, 312; of the SaigasBO 
Sea, 813; his dream, 316. 

Comets, general description of, 84 — 98; 
Biela's, 23, 69, 92—04; Biacpain's, 
04; Clausen's, 04; Encke's, 23, 46, 
69, 02—94; Faye's, 93, 94 ; Halley's, 
23,84,87—05; Lexell's and Burk- 
hardt's, 94, 06; Messier's, 94: 01- 
bers', 94 ; Pons', 04 ; famous one of 
1668, seen in Persia, called ' nyzek,' 
or ' petite lance,' 128, 129; comet of 
1843, 85, 86; their nucleus and tail, 
70; small mass, 85 ; density of form, 
85—87; light, 89—91; velocity, 96; 
comets of uiort period, 02—04 ; kmg 
period, 05, 06; number, 84; Chinese 
observations on, 84 — 86; value of a 
knowledge of their orbits, 23; pos- 
sibility of collision of Biela's and 
Encke's comets, 03 ; hypothesis of a 
resisting medium conjectured from 
the diminishing period of the revolu- 
tion of Encke's comet, 92; appre- 
hensions of their collision with the 
Earth, 23, 96, 07; their popular 
supposed influence on the vintage, 
07. 

Compass, early use of by the Clunese, 
173; permanency in the West In- 
dies, 174. 

Condamine, La, inscription on a mar- 
ble tablet at the Jesuit's College, 
Quito, on the use of the pendulmn 
as a measure of seconds, 158, 159. 

Conde, notice of a heavy shower of 
shooting stars, Oct., 002, 106. 

Coraboeuf, and Delcrois, geodetic opera* 
tions, 800. 

Cordilleras, scenery of, 4, 8, 12; vege- 
tation, 1 3, 14 ; intensity of the Zo- 
diacal light, 126. 

Cosmography, Physical, its objet andc 
ultimate aims, 38, 30, 40, 41 ; mate- 
rials, 42. 

Cosmos, the author's object, 18, 61; 
primitive signification and precise 
definition of the word, 51 ; how ewf 
ployed by Greek and Roman writers, 
51---53; derivation, 52, 58. 
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Or«ce,31», 230. 
Cuiw, Que or Üxe fgooden of Ihe 
AtcliB«li^(irorgBnicUre,a7S.37e; 
diseoFBTj- of rouil crwunlUss in tlie 
lenarj fornuüoo, 375. 



ing ths tyi of the Blanc ut ^goa 
Potomos, 123. 
lUmiii. nn tha eiiatsiice df ChloaiBa 

Boidefl Id polar boqw, 3A3. 

, obwrvmi (ha «ouüiem lighU in 

, , .^^^ 

m bom, 333. 



England, 192. 



'onACtt ngarded as 

pornllfil fisHUKfl, 2^7; initnicEive 
maierials ia [Lb temperAt« Zouea of 
the SoutlMm Hemiipb^re for tlie 
■luiiT of Üia presenl and past geo- 
grsplij of pUnta, 2S6: an ibe Card 



n the 



oBcagiia, 



Dubeny, on TolcBOfiea. See Tnns- 
Ulor'i nolea, IJI, 1»B, IM, iOB, 
SU, 121, £2fi, 33S, S31, 933, 23», 
931, 343, 314. 

Damsj» hia haronwlrif: eitperimaDti, 
303; obMTviUldo. on the Teloraty 
ot the equalmlal ciumit, 813. 

Db?j, Sir Hamjihtaj, hyputhESii on 

■hoali, 314. 
Dead Sea, iti deprewDn belan the 

IwelorUie Medilemneaa,301. 
Decben, Von, on the depth of the coal 

basin «[Liegs.tSl. 
Dekroii. See Cocab^Euf. 
DescBiUi, his franmentB of a iwnteni- 

plated nark, entitled 'Monde,' 10; 

oncnnwu-, 12S, 13B. 
Dwheyra and Ljell, their 



Dicosaicbiu, his 'parallel of Iba di 

phragm,' 393, 
Diogenes, taerläus, on the aeroHte 

lEgoI Potaoios, 103, lOS, 133, 133 
D'OrUKi^, Ibuil roRiaini hnm U 

Hinuilaja and the Imlimi iddiia 

Catch, 31S. 



in the B 









pended in (ha ahade, 333; 

metric windtoie, 340,3*1. 
Dov^re, his beouciFul eipBrin 

ihe Lenacitj of life in auia 

3S1. 
Drake, ehalring d( the earth 

ccuiT« daj) in the United Stales 

(1811-12], 207. 
Dnfteooj et Elie de Beaun 

logie de la France. 3i(Sj 

360, 3el,3a3, 367,368. 

" dtsolhia chemical analyila 

lospliere, 317. 

the comet of 183i 

II the confignralii 

mwiHtic eqimtor, 177; i 

oacillaliani, IAS. 






of thee 
Dnulop, 



Earth, survey of iu crust, S4, SS ; reU. 
liie magnitude, la^ in Ihe Soiar Sys- 
tem, HÜ— Ö3 ; general descriptioo of 
leriwtrial pbcnmnena, 11$— 330; 
BBOgtapbical distribution. 133, lS3i 
iu mean denii tj, lei— 134; inleinal 
beat anil lemperatgre, ISl— 1B8; 
elecno-magneiio activilj-, lUB—lSSj 

luie, 164; interior increase or heat 
nith incrcesiuK depth, 1J2; greainc 
depUu reached br human labour, 
148, UB; metbuds eni]ilayed u> In. 
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946; generfi] delineatioB of its re- 
action, 199—201; £uitastie views oa 
iUiBterim', 163. 
Sarthqnaices, general acMVBt oi^ 199 
— %\i; thetr roamfeetationa, 109— 
901 ; of Riobamba, 199, 301, 203, 
209, 311; Lisbon, 20«, 207, 209, 
210; Calabria, 301; tbek propaga- 
tioQ, 109, 208, 200; wav«» of oem- 
moCkm, 200, 201, 308, 300; action 
en gaaeoua and aqueous springy, 
306, 319, 321 ; salees and mod toI- 
canoes, 321 — ^234; erroneous popu- 
lar belief on, 301 — ^30S; noise ac- 
eompanying earthquakes, 5N>8~>306 ; 
their rast destruction of life, 206, 
207; Toleanie force, 2M>, 211 ; deep 
and pecitliarimpressioa prodoced on 
men and animans 211, 2 IS. 
Ehrenberg, his discovery of infbsoria 
in the poUshing slate of Btlia, 141; , 
infttsoiial deposits, 265-, 263; bril- 
liant discovery of microscopic life in 
äie ocean tmd in the ice of the polar 
regions, S60; rapid propagation of 
animalcules and their tenacity of Kfe, 
852 — 354; transformation of chalk, 
263. 
Electricity, magnetic, 183 — 197; con- 
jectured electrie currents, 183, 184; 
electric storms, 189; atmospheric, 
342—345. 
Elevations, comparative, of mountains 

in the two Hemispheres, 6, 7. 
Encke, 91 ; his computation that the 
showers of meteors, in 1833, pro- 
ceeded from the same point of space 
in the direction rn which the earth 
was moving at the time, 106. 
Ennius, 53, 64. 
Epicharmus, writings of, 54. 
Equator, advantages of the countries 
bonlering on, 11, 12, 13; their or- 
ganic richness and fertility, 13, 14; 
magnetic equator, 176 — 178. 
Erman, Adolph, on the three cold 
days of May (11th— 13th), 121; 
lines of declination in Northern 
Asia, 175; in the southern parts of 
the Atlantic, 181 ; observationsduring 
the earthquake at Irkutsk, on the 
non-disturbance of the horary 
changes of the magnetic needle, 203. 
Eruptions and exhalations (volcanic), 
lava, gaseous and liquid fluids, hot 



mud, mud mofettes, Ace, 152, 30^ 
273. 

Et h nographical studies, their inport* 
ance and teaching, S66 — 368. 

Etna, Mount, its elevation 6, 226 ; sup- 
posed extinc^n, by the ancients, 
225 ; its eruptions from lateral fis- 
sures, 227 ; similarity of its zones of 
vegetation to those of Ararat, 356. 

Euripides, Yns Phaeton, 110. 

Falconer, Dr., fossil researches in the 
Himalayas, 281. 

Faraday, radiating heat, electro-mag- 
netism, dtc, 39, 173, 182; brilliaflft 
discovery of the evolution of lig^t, 
by magnetic forces, 188. 

Farquharaon, on the connection of eir« 
rons clouds vrrOi the Aorora, 191; 
its altitude, 194. 

Fedorow, his pendulum experiments, 
159. 

Pddt, on the ascent of Aoo6ng stars, 
111. 

Ferdinandea, igneona island of, 341. 

Florus, geographical distribution of, 
359, 360. 

Forbes, Professor E., refference to his 
Travels in Lycia, 220; account of 
the island of Santorino, 240. 

Forbes, Professor J., his improved seis- 
mometer, 200 ; on the correspondence 
existing between the distribution of 
existing floras in the British islands, 
357, 358 ; on the origin and diffusion 
of the British flora, 363. 

Förster, George, remarked the climatic 
difference of temperature of the 
eastern and western coasts of both 
continents, 327. 

Forster, Dr. Thomas, monkish notice 
of * Meteorodes,* 111. 

Foster, Reinhold, pyramidal configura- 
tion of the southern extremities of 
continents, 294. 

Fossil remains of tropical plants aad 
animals found in northern regions, 
26, 27, 272—288; of extinct vege- 
tation in the travertine of Van 
Piemen's Land, 221 ; fossil human 
remains, 250. 

Fourier, temperature of our planetaij 
system, 145, 164,165, 169. 

Fracastoro, on the direction of the tails 
of comets from the suu^ 86. 
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Fitthn, &I1 of stars, 106. | 

Franklin, Benjamin, existence of sand 

lanks indicated by the coldness of 

äie water oyer than, 814. 
Franklin, Capt., on Üie aoiora, 101, 

194, 106; rarity of electric ezplo- 

sioBS in high northern regpons, 845. 
F^ercinet, p«adulam oscillations, 158. 
Ftannierion meteoric masses, 110. 

Gaaeo.89, 159. 

Chüle, Dr., 75. 

Galvaui, Aloysio, accidental discovery 
of galvanism, S3. 

Oaaeeus emanations, flnids, mud, and 
mohen earth, 314—217. 

Cbsparin, distribution of the quantity 
of rain in Central Europe, 841. 

Gauss, Friedrich, on terrestrial magnet* 
ism, 172; his erection, iu 1882, of a 
nagnetic observatory on a new prin- 
ciple, 185, 186. 

eay-Lassac, 200, 281, 282, 208, 317, 
818, 842, 844. 

Geognostic, or geol<^cal dencription of 
the eardt's snrliice, 197 — 290. 

C^eoguosy, (the study of the textures 
and position of tiie earth's sur&ce), 
its progress, 108, 190. 

Geography, physical, 291 — 816; of 
aiumal life, 849 — 855; of plants, 
355—360. 

G^eographies, Rittor's (Carl), 'Geogra- 
phy in relation to Nature and the 
HistDry of Man,' 28. 49, 50; Vare. 
nios (Bernhard), General and Com- 
parative Geography, 48, 49. 

Gerard, Capts. A. G. and J. G., on the 
snow line and vegetation of the Hima- 
layas, 10,11,338,339. 

German scientific works, their defects, 
27. 

Geyser, intermittent fountains of, 219. 

Gieseke, on the aurora, 194, 195. 

Gilbert, Sir Humphrey, gulf stream, 
812, 313. 

Gilbert, William, of Colchester, ter- 
restrial magnetism, 150, 170, 172, 
175. 

GiHiee, Dr., on the snow line of South 
America, 838. 

G ioja, crater of, 83. 

Girard, composition and texture of 
basalt, 253. 

GUdsher, James, on the Aurora Borealis 



of Oct 24, 1847. See Translator's 
notes, 188, 195. 

Goldfuss, Professor, examination of 
fossil specimens of the flying sau- 
rians, 276. 

GSppert, on the conversion of a frag- 
ment of amber-tre« into black cotd, 
283, 284; cycades, 286; on the 
amber-tree of the Baltic, 287. 

GöÜie, 21, 27, 34. 

Greek philosophers, their use of the 
term Cosmos, 51, 52; hypotheses on 
aerolites. 109, 110, 122, 123. 

Giimm, Jacob, graceful symbolism 
attached to falling stars in the Li- 
thuanian mythology, 99. 

Gulf Stream, its origin and course, 
312, 318. 

Gumprecht, pyroxenic nepheline, 254. 

Guaiiaxuato, striking subturaxiean 
noise at, 205. 

Hall,. Sir James, his experiments on 
mineral fusion, 262. 

Halley, comet, 28, 84, 87—95 ; on the 
meteor of 1686, 105, 122: on (he 
light of stars, 142; hypothesis of 
the ecu'th being a hollow sphere, 163; 
his bold conjecture that Uie Aurora 
Borealis was a magnetic phenome- 
non, 187—188. 

Hansteen, on magnetic lines of decli- 
nation in Northern Asia, 175 — 176. 

Hausen, on the material contents of 
the moon, 80. 

Bedeuström, on the so-called 'Wood 
Hills' of New Siberia, 284 

Begel, quotation from his ' FhUosc^hy 
of History ,'59. 

Heine, discoveiy of crystals of feldspar, 
in »corioe, 269 

Hemmer, fsdling stars, 106. 

Hencke, planets discovered by. See 
note by Translator, 74, 76. 

Henfrey, A., extract from his Outlines 
of Suructural and Physiological Bo- 
tany. See notes by Translator, 350, 
360. 

Bensius, on the variations of form, in 
the comet of 1744, 87. 

Herodotus, described Scythia as free 
from earthquakes, 100; Scythian 
saga of the sacred gold, which fell 
burning from heaven, 102. 

Herschel, Sir William, map of the 
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^MTorld, 48; inaeription on hu monu- 
ment at Upton, 71; satellites of 
Sstum, 81; diameters of comets, 
86; on the comet of 1811, 88; star 
gaagings, 140; starless space, 141, 
142; time required for lignt to pass 
to the earth from the remotest lumi- 
nous vapour, 144. 

Herschel, Sir John, Letter on Ma- 
C^llanic Clouds, 69; Satellites of Sa- 
turn, 81 ; orbiu of the Satellites of 
Uranus, 88 ; diameter of Nebulous 
stars, 180; Stellar Milky Way, 141 ; 
light of isolated starry clusters, 142; 
observed at the Ciqie, the star i} in 
Argn increase in splendour, 144; 
invariability of the magnetic decli- 
nation in the West Indies, 1 74. 

Heaiod, dimensions of the Universe, 
144. 

Hevelius, on the comet of 1618, 01 

Hibbert, Dr., on the Lake of Laach. 
See note by Translator, 215. 

Himalayas, the, their altitude, 7 ; sce- 
nery and vegetation, 8, 9; tempera- 
ture, ; variations of the snow line, 
on their northern and southern de- 
clivities, 9—12, 338. 

Hind, Mr., planets discovered by. See 
Translator's note, 74, 76. 

Hindoo civilization, its primitive seat, 
14,15. 

Hippalos, or monsoons, 322, 323. 

Hippocrates, bis erroneous supposition 
that the land of Scythia is an ele* 
vated table land, 855. 

Hoflf. numerical enquiries on the dis- 
tribution of earthquakes throughout 
tlie year, 202. 

Hoffman, Friedrich, observations on 
earthquakes, 201,202; on eruption 
fissures iu the Lipari Islands, 237 

Holberg, his Satire, ' Travels of Nie. 
Klimius, in the world undergroimd.* 
See Translator's note, 164. 

Hood, on the Aurora, 195, 196. 

Hookc, Robert, pulsations in the 
tails of comets, 183; his anticipa- 
tion of the application of botanical 
and zoological evidence to deter- 
mine the relative age of rocks, 272 — 
274 

Ho-tsings, Chinese fire-springs, their 
depth, 149; chemical composition, 
214. 



Howard, on i^c climate of Londoa, 
118; mean aAnnal quantity of rain in 
London, 841 . 
Hügel, Carl Von, on the elevation of 
the valley of Kashmir, 12; on the 
snow line of the Himalayas, 388. 
Humboldt, Alexander Von, works by, 
referred to in various notes : — 
Annales de Chimie et de Phy- 
sique, 0, 810. 
Annales des Sciences Naturell«, 7. 
Ansichten der Natur, 850, 352, 
856. 

Asie Centrale, 7, 9, 12, 102, 149, 
150, 178, 200, 214, 216, 222, 
244, 251, 252, 260, 298—296, 
801, 805, 806, 808—811, 826, 
820, 881, 337, 388, 842, 859, 
866. 

Atlas G^ograpluqne et Fhysiqae 
du Nouveaa Continent, 12,248. 

De distributione Geographica 
Flantarum, secundum cosli tem* 
periem, et altitudinem Mon. 
tium, 12. 205, 880. 

Examen critique de l*Histoire de 
la Geographie, 40, 178, 175. 
225, 293, 296, 812, 313, 316, 
322, 366. 

Essai Geognostiqne sur le Gise- 
roent des Roches, 228,252,267, 
305. 

Essai Politique sur la Nouveüe 
Espagne, 117,238. 

Essai sur la Geographie des 
Plantes, 12, 228, 321. 

Flora Friburgensis Subterraitefl, 
348, 349, 355. 

Journal de Physique, 171, 296. 

Lettre au Due de Sussex, sur \a 
Moyens propres a perfectionner 
la connaissance du Magnetisme 
Terrestre, 170, 186. 

Monumens des Peuples Indigent 
de TAmerique, 129, 130 

Nouvelles Annales des Vorages, 
312. 

Recueil d'Observations Astrooo- 
miques, 7, 159, 334. 

Recueil d'Observations de Zoo- 
logie et d'Anatomie Comparee, 
214,230. 

Relation Historique du Vojag« 
aux Regions equinoxiales, 96, 
99, 100, 106, 110, 114, 118, 



^^^^ 
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17B, lao, 209, aOS, 317. S18, 




as». Ml, 2SS, 298. 304, S06, 




807, 310-813, SSO, Sai, 33t, 


the fixed alar«, m; on a »ilar at- H 


S3B, 342^-314. 




TablesD Ftijai'iue des Regiom 


Eloden, ahcwiing ilars, 107. 113. ^M 




Xnowledge. superficial, evils of, 33. ^M 


Vu» des CordilliKS, 333, 327 


HuDlbolai, Wilhelm Von, on Ihe pri- 


Gejsm and the Stroke ialermittBol ^H 


nildre «at of Hindcw eiriliMli«., 


fountains,3ig. H 


IS; BonnBl, B.lract from. Ill); on 






a erB.b>U, 100. H 


maa nice or the boiid oF humiinily. 




»«8,389. 


attiaetion o( the msg^l, and of am- ■ 


Humidity. 319, 310-343. 


b«. IS3. ^ ■ 


Button, Capl. Tlionia», Li» pspw nn 


KnpB'er, masnetic sUüons in Northsra H 


the enow Hna of Iho Himaloyiu. 


A.ia, ISS. . ■ 


as»— 340. 


B 


Hiijghms. poUriiaüon of li^t, 33; 


Lanianon, 180. ■ 




tambm, anggestion that llio dimrtim V 


HrgroiDBtrj, 340—3«; fajgnmetric 


of the Kind be compared wllh the ■ 




height of the faaroinater,>dleradDn> 






InuginiÜOD, >bu» of, tj hdf-drf- 

Imbert,liis actounl d> ChioBO 'fln 

springs,' 149. 
Ionian Mhoal of natural plii1«oplij. 


-Um-mt, ma« of Uranus', 78; Salel- 

liles of Saturn, SI. 
Langusgs and thought, (hnr nataal 

alliance, 37; author's prai» uT bis 


nativo language, 17. 


"x'ir""-- '""™'" '■■ 


368, 387, 380. 
Laplaoe. bis ■ Sjsläne du Monds,' 38, 
«4. TB, 130; mass of ths comM of 




1770, D3; OD the required islociw of 
109; on the altitude of the bonnda- 


'T™r''Ä;:.'=:fs; 


Himalayas, 11,338. 


riea of Ihs atmosphere of cosmkal 


Ji«per, iu formation, SBO— 383. 


bodies, 180; Zodl«fal light. 130; ■ 


JoHin, on Iho gradual riie of IbB 


coBilof Sweden, 3BB, BOO. 


K;rm aud si^e inl^rred from lunar ■ 


Jotnllo,homit«de,3a7. ^ ^ . , 


inoqusUtios, ISO, IBI ; hs esÜmsU ■ 








307 ; d"™UrZ the "^ i^Vlrcd' ^ 


343. 


to balesa lb«! Üw «rlh'i for Ihs 




nsbiUljof its equilibrium, 311 i re- 




mits of his perfeol Iheury of tide», 


dootab on Ihs greater drjneis of 




mouulainair.SlS. 


Luin'wrilers, their use of the tern. _ 


Kwit, Emanuel, ■ on Ihs thoorj and 


■ Hondo»,' a3.ö4. ■ 


stniunre of ths heatena,' 31,47; 








Knlhaa, on the ancient »a line of the 




with Ihe goTsmiog forces of the H 




phyrfoul world, there di.played, la : H 


on the densil J of the plviela, 77, 78 ; 


spread from ti.enie of ths genus o.' H 


taw of progKiuion, 7»; on tlis num- 




l»r of c^,S4;. hooting Man, 99; 
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for the contemplatum of Nature, 11, 
12; powerful impreuMMiB, from their 
orgauic richneas and feartili^, 13; 
facilities they present for a koow- 
ledge of the laws of nature, 14; 
brilliant display of shooting stars, 
100. 

Laugier, his calcolatians to prove Hal- 
ley's comet identical with the comet 
of 1378, described in Chinese tables, 
05. 

Lava, its mineral composition, 3S2. 

Lavoisier, 44. 

Lawrence (St.), fiery tears. 111; me- 
teoric stream, 113. 

Leibnitz, his conjecture that the planets 
increase in volume in proportion to 
their increase of distance irom the 
Sun, 78. 

Lenz, observations on the mean level 
of the Caspian Sea, 301 ; maxima of 
density of Uie oceanic temperature, 
800 ; temperature and density of the 
ocean under different zones of lati-' 
tude and longitude, 311. 

Leonhard, Karl von, assumption on 
fonxintions of granular limestone, 
264, 266. 

Leverrier, — planet Neptune. — See 
Translator's note, 74 — 76. 

Lewy, observations on the varying 
quantity of oxygen in the atmosphere, 
according to local conditions, or the 
seasons, 317. 

Lichtenberg, on meteoric stones, 105. 

Liebig, on traces of ammoniacal va- 
pours in the atmosphere, 317. 

Light, chromatic polarization of, 83 ; 
transmission, 72 ; of comets, 89 — 91 ; 
of fixed stars, 90, 91; extraordinary 
lightness, instances of, 181 — 133; 
propagation of, 143; speed ol" transit, 
144. See Aurora, Zodiacal light, 
dec. 

Lignites, or beds of brown coal, 286, 
287. 

Lines, isogonic (magnetic equal devia- 
tion), 170, 174—178; isoclinal 
(magnetic equal inclination), 171, 
172, 174 — 178; isodynamic (or rang, 
netic equal force), 174, 178 — 188; 
isogeotliermal (chthonisotlierroal), 
216; isobarometric, 321 ; isothermal, 
isotheral, and isochimenal, 323 — 
335, 367. 



line of no Tsriation of lioraiy declina* 
tion» 176 ; low«r limit of perpetual 
8BOW, 8;l6->d40; phosphor^cent, 
09. 

Liabon, earthquake of, 206, 307, 209, 
210. 

Lord, on the limiti of the aaow line on 
the Himalayas, 11. 

Lottin, his observations ot the Au- 
rora, with Bravais and ^erstnim, 
on the coast of Lapland, 190, 194, 
106. 

Lowenom, recognised the ocaruscatiDn 
of the polar li^it in bright sunshine, 
190. 

Lyell, Charles, investigations on the 
numerical relations of extinct and 
organic life, 270; nether-forowd or 
hypogene rocks, 248; unifoniu^of 
the production of erased rocks, 267. 
See notes by Translator, 108, 2<3, 
257. 

Mackenzie, description of a Temsrk- 
able eruption in Iceland, 284. 

Maclear, on a Centauri, 71; par 
allaxes and distances of fixed stus, 
143; increase in brightness of i/ 
Argo, 144. 

Mädler, planetary compresnon of 
Uranus, 80 ; distance of the inner- 
most satellite of Saturn from the 
centre of that planet, 82; material 
contents of the Moon, 80 ; its hbra- 
tion, 83; mean depression of tempera- 
ture on the three cold days ot Msy 
(11th— 13ih), 121; conjecture that 
the average mass of the larger num- 
ber of binary stars exceeds the nuM 
of the Sun, 130. 

Magellanic clouds, 60. 

Magnetic attraction, 182; declination, 
174 — 176; horary motion, 17.0— 
172; horary variations, 176, 184; 
magnetic storms, 170, 172, 180, 194; 
their intimate connection with the 
Aurora, 187 — 196, represented by 
three sy»tems of lines, see Lines; 
movement ol oval systems, 175, 176; 
magnetic equator, 176 — 178; mag> 
netic poles, 176, 177; observatories, 
184 — 186; magnetic stations, 184, 
185, 323. 

Magnetism, terrestrial, 160—187,195; 
electro, 169—185. 
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MagBUftsaD, So^nund, deseription of 
remarkable eruptioii in lodand. 
234. 
Mahlmam, WilhelBi, toatli-west direc- 
tion of the aerial current in the 
middle latitudet of the temperate^ 
zone, 823. 
Mairan, ou the Zodiacal lig^t, 127, 
128, 131; hU opinion that the Snn 
is a nebolons star, 130. 
Malapert, annular mountain, 83. 
Malle, Dureau d» U&. 220. 
Man, general view of, 360 — 860; 
pruols of the flezibilitj of hia nature, 
6; results of his intellectoal pro- 
gress, 34, 3d ; geographical diatribu- 
tion of races, 860 — 866; on the a», 
sumptifm of superior and iuJerior 
races, 361 — 368 ; his gradual recog- 
nition of the bond of homanilj^ 868, 
369. 
Mantell, Dr., his ' Wonders of Geo- 
logy,' see notes by Translator, 25, 
45, 46, 198, 277, 280, 284, 286, 287, 
201; 'Medals of Creation,' 26,278, 
286,291. 
Margarita Fhikaophica, by Gregory 

Beisch, SO. 
Marius, Simon, first described the ne- 
bulous spots in Andromeda and 
Orion, 127, 
Martins, observations on polar bands, 
102; found that air collected at 
Faulhom contained as much oxygen 
•a the air of Paris, 317 ; on the dis- 
tribution of the quantity of rain in 
Central Europe, 341 ; doubts on the 
greater dryness of mountain air, 
842. 
Matthiessen, letter to Arago on the 

Zoiliacal light, 132. 
Mathieu, on the augmented intensity 
of the attraction of gravitation in 
Tolcauic iülauds, 159. 
Mayer, Tobias, on the motion of the 

Solar System, 136, 138. 
Mean numerical values, their necessity 
in mudem physical science, 64. 
' Melloni, his discoveries on radiating 
heat and electro-magnetism, 29. 
Menzel, unedited work by, on the flora 

of Japan, 356. 
Messier, comet, 94 ; nebulous spot re- 
sembling our starxy stratum, 141. 
Melamorphic Kocks. See Bocks. 



Meteordogy, 31"— 846. 

Meteors, see Aerolites; meteoric infti- 
soria, 354, 855. 

Metbone,HiUof,28e. 

Meyen, on forming a thermal scale of 
cultivation, 831; ou the reprodnc- 
tive organs of liverworts and alge, 
350. 

Meyer, Hermann Von, on the organi. 
zation of flying saurians, 276. 

Milky Way, its figure, 78; views of 
Aristotle on, 88: vast telescopic 
breadth, 140, 141; milky way of 
nebulous spots at right angles with 
that of the stars, 141, 142. 

Minerals, artificially formed, 269, 270. 

Mines, greatest depth of, 148, 140, 
150; temperature, 149. 

Mist, phosphoresceut, 131. 

Mitchell, protracted earthquake shocks 
in Nortn America, 207. 

Mitscheriich, on the chemical origin of 
irou-glauce in volcanic masses, 282; 
chemical combinations, a means of 
throwing a clear light en geogno^, 
256 ; on gypsum, as a uniaxai crys- 
tal, 259; experiments on the simul- 
taneously opposite actions of heat on 
crystalline bodies, 260; formation 
of orjrstals of mica, 261 ; on artificial 
mineral products, 269, 270, 273. 

Mufettes, (exhalations of carbonic acid 
gas), 211— 216. 

Monsoons, (Indian), 322, 328. 

Monticelli, on the current of hydro- 
chloric acid from the crater of Vesu- 
vius, 288; crystals of mica found in 
the lava of \ esuvius, 261. 

Moon, the, its relative magnitude, 80; 
density, 80, 81; distance firom the 
earth,'81, 82; its libration, 83, 155; 
its li^t compared with that of the 
Aurora, 196, 197; volcanic action 
in, 226. 
Moons, or satellites, their diameter, 

distances, rotation, &c , 80 — 84. 
Morgan, .lohn H., * on the aurora bo« 
realis of Oct 24, 1 847.' See Trans- 
lator's notes, 188,194. 
Morton, Samuel George, his magnifi- 
cent work on the American Races, 
362. 
Moser's images, 107. 
Mountains, in Asia, America, and 
I Europe, their altitude, scenery, and 
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▼«ratation, 6—9, 236, 856; Uieir 
inflaence on climate, natural produc- 
tions, and on the human ruce, its 
trade, civilization, and social condi- 
tion, 395, 396, 804, 806, 884; zones 
of vegetation on the declivities of, 8, 
0, 884^-386; snow line of, 9—11, 
888. 

Mud Yolcaooes. See Salaes and Vol- 
canoes. 

Müller, Johannes, on the modifications 
of plants and animals within certain 
limitations, 868. 

Muncke, on the appearance of auroras 
in certain districts, 198. 

M urchison, Sir R., account of a large 
fissure through which melaphjre 
had been ejected, 358; classification 
of fossiliferous strata, 380; on the 
age of the Palsosaurus and Theco- 
dontosaurus of Bristol, 376. 

Muschenbroek, on the frequency of 
meteors in August, 1 18. 

Myndius, Apollonius, on the Pjtha* 
gorean doctrine of comets, 80. 



Nature, result of a rational inquiry 
into, 8; emotions excited by her 
contemplation, 8; striking scenes, 4; 
their sources of enjoyment, 5 ; magni- 
ficence of the tropical scenery, 11, 
13, 13, 14, 853; religious impulses 
from a communion with nature, 17; 
obstacles to an active spirit of inquiry, 
17 : mischief of inaccurate obserra- 
tions, 17 ; higher enjoyments of her 
study, 18; narrow minded views of 
nature, 18; lofty impressions pro- 
duced on the minds of laborious 
observers, 19, 30; nature defined, 
31 ; her studies inexhaustible, 31 ; 
general observations, their great ad- 
vantages, 32; how to be correctiy 
comprehended, 55; her most vivid 
impressions earthly, 65. 

Nature, philosophy of, 3, 16; physical 
description of, 48, 49, 55. 

Nebulae, 67 — 69; Nebulous milky way 
at right angles with that of the 
atars, 141 — 143; Nebulous spots, 
conjectures on, 67 — 69; Nebulous 
stars and planetary nebulae, 68, 69, 
143; Nebulous vapour, 67 — 69, 70, 
71, 143; their aup)^o»ed condensa- 



tion in conformity with the laws of 
attraction, 67, 68. 

Neilson, gradual depression of the 
southern part of Sweden, 800. 

Nericat, Andrea de, popular belief in 
Syria on the fall of aerolites, 110. 

Newton, discussed the question on the 
difiference between the attraction of 
masses and molecular attraction, 44; 
Newtonian axiom confirmed by 
Beesel, 46 ; his edition of the Geo- 
graphy of Varenius, 49; Friocipia 
Mathematica, 40; considered Vhe 
planets to be composed of the same 
matter with the Earth, 130; com- 
pression of the Earth. 156. 

Nicholl, J. P., note from his aecoant 
of the planet Neptune, 74 — 76. 

Nicholson, obeervationa of lightning 
clouds, unaccompanied by tinmder 
or indications of storm, 845. 

Nobile, Antonio, experiments of ths 
height of the barometer, and its in- 
fluence on the level of the sea, 308. 

Nöggerath counted 793 annual ringi 
in the trunk of a tree at Bonn, 287. 

Nordmann, on the existence of animsl- 
cules in the fluids of the ^es of 
fishes, 354. 

Norman, Robert, invented the inclioa- 
torium, 173. 



Observations, scientific, mischief of 
inaccurate, 17; tendency of uncon- 
nected, 30. 

Ocean, general view of, 306 — 316; its 
extent as compared with the drr 
land, 393; its depth, 161, 307; tides. 
310, 31 1 ; decreasing temperatiu« at 
increased depths, 307 ; uniformitT 
and constancy of temperature in the 
same spaces, 308; its currents and 
their various causes, 311 — 314; its 
phosphorescence in the torrid zone, 
197; its action on climate, 308, 835 
— 337 ; influence on the mental and 
social condition of the human race. 
153,395,396, 398. 315, 316; rich- 
ness of its organic life, 314, 31»; 
oceanic microscopic forms, 350, H5l; 
sentiments excited by its contempla- 
tion, 315, 316. 

Oersted, electro-magnetic discoveries, 
183, 185. 




meDM or tbe ilecliDtiuoo needle, 184, 
Orid, liii dacripÜDn ot Iha Toluni* 

Hill oTMsUioiie, 339. 
Oviedo, düKribn Ibe need onfas Gulf 
« Pradtrinn äo yava ^wa- 

ireed owadiini), 313. 

Pslteonloli«'. 372—387. 



Parrj, CapL, on aura™, Iheit tonneo- 

lai, IBS; whEitet ellBiid«! nidi 
Boj »und, ISfi; stto lo coiitinQe 
Üinugbout (lie dHj, l0];bBrDmolric 
obumüou at P<m öowea. azU: 
laritj oF electric exploHioii« in dot- 



, OD 111« actual lourrq o( ati 

iac1«:tricil7,313.344. 

j, CouitC Muzan, partidliiL 



miiii.£liu. 109. 
FbilUjA on Ibe teiopvrvliire of K coal 

Tnine m Inciea^ng deptht, 1 6CL 
FhilaUUa, hi> aitroiiDaiiDal >tndiei, 47 r- 

hia fragmmlorj wi ' ' 
Pbil(}SD{£j oT Datura, nnigenn. 
FtiMpIioreiiuucii of ibe Sea, i 

Fbjnci, Itieii limit). 30; influe: 
pli^edl BCJeiLED Dil ihe veall 
proajH*rLly af ni "' "* "' 



»r phyflicid icien«, 40; dja- 
tujction lietiFecD tlifl phyaic^ hu- 
lory, and pbjvc4il dacription of Ihfl 
fforJd, 01-, phjdcal AdmcOi cluu 
rnctcriatici qr i(4 modem pngreta, 
64. 

Findar, SSS. 

Iflana, geodetic eiperlmenls Id Lota- 
bwdj, ISB, IflO 

Flsneu, 73—84; piMenl niuabBT div 
coTered, 74. (Sea note bj Treiu- 
latDT. on the mtnt rcccat discoteriee, 
74— »a ;) Kr Itaac Newton on their 
compoiidon, 120; limited phyiieal 
iTODwlcdgeor, I47,li8: Ceres,48— 
78; Eaclb, 73—84; Juno, 40, 76— 
83.83; Ju^ltr,48, 70, 78-i-8a, 197; 
Man, 70, 74— 7S, 121; Mercury, 
Jü, 78—78; Pall«, 4B, JB; Salora, 
"" 78—78; Vema, 7S— 78, 197; 
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Vlato, « the heomlT Iwdi«, <(«.. fil : 
inlerprsuüou af utu», IM; his 
geo^Hiatic viewi an boi ipHngit, 

SUdj, the sUar, bis Muunl Hiuorr, 



■ HD, 118: 
9U1, 303; 



vBTLhquukus, 
Lbe llama oT indHm- 
i«Ud rh, in the diurict of Pha- 




, 10«, lOS I 
Zndiucid liKhl, 130; tbsorr on ths 
euüi'i tempenUiuB, ISA, 100. JSB. 
PoljirixiLtioti, cLromntJo. matci of iU 



>, 102. 



e LigjEu Geld of 



PooillM, 

uuplimie eiHinnt^, aia, 
^■jadic« o^aiDaL ■ciwes. luiv ori- 

gjnatnl, IT; agiint iba atudj or 

Ih« eiBct tolmca, why Mluiiduii, 

SO, 33. 
Frichardf hin phjiical biatory of Man 

PHMÄii^Plaii.. 3ä. 
P^ohniniiner, S*0. 317. 
Pjlhagorai, Aral employBd tbs word 
CmnxH in in m.idem >«IK, dl. 

Tenly bodies, 47; doetrina im co- 
■»l8,B8,aB. 



trial Magnetisin, lUS. 
^uetelst, on aeioliUa, 100; Ibeii pi 
n in Aagiirt, 113. 



annaal qumtity in tb« two hemi- 
■pbuea, S43, «49. 
Reicb. oitun deniilj of Iha eartb.ai 
asuartalueil by lb« (»ntou bolonrc, 

Saioiif. leB. 
Köwb, Gregory, hia * Hargirlu PU- 

B^muul. Abs), MonsaliaD uidiliiu 
oa ths fall of an uimliLB, IOS;icliiii 
ToloanoH in Central Aaia, at great 
dlBtaneea bom the lea, Sil. 

RichatdBon, njognetlD pbeimnBia fit- 

aocDidpFuuiid tiy aoimd, 1B4; ia- 

Queni:? QP the magnqlic Eieedle of 

the Aunm, 19a, lUä. 
Riubunba, MTtbiiaaka »t, 1», 301, 

Kg, SOB. ail, 
Rltl0T, Cutl, bia ' OtH^rapliy la »la. 

tiuD Id Natura and tbe Hlttorj o! 

Man. 38, II). 
Bobert, Euwne, on the ancient as 

line, on Uie coast of Spitibrrgni, 



tfruiipi, HIT — SSI ; L todii 
on. 317, aai^ail; il.a*)i- 
w:lci>,31T.M8,£M,lMiS. 



aiS, 3«0,~S70 1 iiiL a 
or rocli» of riotrin», BTO-ä»»; Ihnr 
cbaD)(B> from the action of keal. 3H, 
3eU; pbenomenn of coijtact, 1U>— 



a tbe ■truclual relaliüni of lol- 
inicToola,93S; oncryualiDfbU- 
lar and albite found in gr '' "" 



i— 970; dumU 



Etoas, Sir jameg, hla uiundingi iriä 
S7,G0U f«et of line.lSI; piapttic 
obierratiimi Bt the South Pole, 161 : 




Soudi.H.de.iiianiagnMic i 



[ 

leillstian- 



IS : 



fftina of a Bteadj Inmi- 



Sahuie, Ednaid, ubBervelioDi 



EUmon d« la, obsarvaüoD» i 
eAU BUIlUll qiiBndEy of wn 
.aianmh, Ml. 



e ot mod volDano«, Si 



SugBsio sa 



deplb t>r, 148— IGOi t«m- 

lee, 



Saimi 



ginal l^e of Ihe i 



Soheerer, oti the identity of nlcolile 

and miplislUie. 3C3. 
SclielliDij, on nalurs, it; qnotatlon 

Adip bii Giardino Bruno. 6Q. 
SdiaDchxnei'i r ~ 



Schuvr, dktiibi 



In Cenlrid Enrape, sSl. 
tha t^agmt^Qldiy duj 






It age, BS, 81 



miMpplicstion, 30, tU. 
Sdna, AbbaTe, earthquakes uucoa- 

necui with tliB sloto of the weather, 

201,302. 
Smresbv, rarilv of electric Bipbtbuu 

io hiRh norliicni tegioni, MS. 



See Oeee 



■r, tbe, 30 






iwiiced the dn-ection of ttia 
f DDDiala,ST; hisTiewioB the 
n and paths of eom*D, SB; 
I drawn from their sodden 
ha sarms of later 
olÄarratioiie aa earthqnolres fbund 
in his nritmgi, 90S i probleimiticat 
Bitinction and liokiiig of Mount 

Shoa^, atmospheric tndiaitiom of thär 

Sidneil lyUrnin. 73—74. 
Siljenuom, hia obseriatinns on (he 

SirDsalBkoi, ' Wood HiUs' m Sew 

Siberia, 384. 
^ow, line, of the Hiinalayai, S—IS, 

338—340; of iho A-ndeg, 837, SBS; 

Rdneu of long fallen anow, 3S& 
Solar B^ateBi, ^narq! deacriptiaD, T4 — 

ill tranalalor)' motion , 1S4— 140. 

SönunerJDg. on the Itntil rendu of ^ 

TolnioedTfin- 
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^ 



SpmliitMiu gnwraUon. U4, tiS. 

Sl)til>B^ hot uid coM, ate— 333 1 ii 
mittent,3]a; uD»Fg pF Iti^r temper- 
muTB, aie— 219; IheraiJ, alB, "'" 

wumBM. atun'ed by Arago, 230 r 
u]»>,S31— 334wnBD«ice<>fei> ' 
qiiake tlucki do hot iptingi, i 
319—331. 
Stan, goiiTil icnmnt of, «8— 71; filed, 
71-74, 8»: amM» «id miilti " 
73, 137; luboloiu. es. t». U%: tl 
tmnlalor; motion, 13S — 110;piiral- 
IniM and dbunm. 136— 139;e— 
palBtJona of Beuel and Henchel 
Iheit diuneler nnJ Folami). 1 
immonae number in IbeMillty \l 
140- IJl; ■IBidotI.eB; ntJir g'. 
ingi, 140; >l<nlM ipun, 141—113; 
lelacDDic BiUB. 143: lelociir of 

or. 113, 141; 



soa Ihenn, I 
rmonntkil 



DFIheGr»kpbili>»pfaa*aa Ihei 

110. 

monfl. Uei 



I, diBtitigiiiiihBd local climaEJi 
nuura or tin ^Inbe. >'« Guti 



lemptiTDlun of varioua places, an. 



phrpngatinn 
appuitioa o 



1 temperalnR. 330— S33 ; c 
lental clinuilM qs eompap 



iDonil And inlellBCDiA] dovtilupmei 

of iis people, ass— 3Se. 

Ibe taWsjiUin,I3B; inieaügadoi 
on Iha propogation or llghl, Hi 
ua and iliMiDcei of fined 
TTfttiDna oa Halle^ a 



■hmils, 314: rclMgin^tioii or 

loner (Inu of tbs oo«n, 303. 

TeueriS«, Fi^nk of, its itriliing «k» 

Theodect«. or Fhuelii, on the coii 

or the Ethiopian!, sea. 
Thoon, or AlmaDdTin, daKrilwd coo 

AS - waDdering light cbaiÄ^' SS. 
Thaip^laotni, deacribed SqriUi, >i 

ThermBi i 



-tli<]UBhai, im. 
of ( • ■ - 




rmni Bpringi. tbdr tanipetmtiize, 
installer, and rhang?, 318— Ml; 
' nd tegelabla life in, »3, 



Thought, THolts of iu freo actton. »; 

union nitii language, 37, 
TiberioB. Sea of. IIa doprfsaion bdo* 
the IfiTcl of Iha Medil^Tranfaa, Ni 
tha ocean, tbeii pbanonHU 
310,811. 

"ird, Capt, on the aiiddpn appW' 
ice of the Island orSab>iaa.atl. 
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a Ifae in- 
LieasB nf Iha eailh'i inteinal heat 
with iDcreosa gf deplfa, 2S ; illiceana 
inüisorin and auiiDBlcuUtm, 30 ; ch«- 

pluuli, 74—70; observed tbe comet 
of 1S43, n( Ne» Bedtird, Umsu- 
cbossetD, in bright SD>iihbiB,8G; oa 
mstearii: tlonei. ST; on nn MS., 
■aid la be in ilie library of Chrat's 
College. Caiabrid!^, Ill; on t!ie 
lenn 'ulies,' lfi3; on Holberit'i 
■atire, 'Travels in lbs World 
tludergronnd,' 101; on the Aurora 
BoiealiinfOct. 24, 1847, 188,160, 
194r on the electricity of (be i 



foreili of (he Baltic, S87; eleTatbm 
of idMdl«n ihaius, 290; the din- 
oraii of OnEn. 291; depth of the 
aanesphere. 307 ; richna« of oiganio 
lile iu the ocean, 31S ; on Glamants 
' ' ■UnglheipemiMo 



of an 



a the : 



ütstribudim of the 
of the Diitiah lilsa, 

1 Flora, SB3. 364. 



lern, 135—140 

rogus, Pompmuj, on Iba ei 



Sufi; iinpreiaian made on the na- 
live« and törragneiB Ijj earthqitakea 
in Peru, 213; eanhquskes r ' 

aulpbiir.S14;oatbeLalieo 

inflaiaznable gas in the di 
FhBiEh3,220; ontmevolci 

t)>e volcano of Picblnchi, 
the bomibn do JoniUo, jw 
Humboldt, !37; general 
the dimension of crateiHr S 
Jbe ejection of bah from 1 
of Imbubui 






jofVi 



o, SBt; < 



thel 



of Fanlelkria. 283; oo Oaubeneya 
work ' On Volcsnoee," SSS; account 
of the Island of Santorino, S4U; of 
the iiland named Sabiiu. 241 ; on 

the ua. 243; meaning of the Chinele 
term']|,'24d; on mineral metunor. 
pbUm, 248; on foull human re- 
nuina fijund hi Goadaloupe, 2SI); 
tm mlnerah artlAcUJIy produced, 
Sae, 270; foail organic atiucuim, 
37S, 274; on Coprolitei, 273; 
geognoRtic dbtribution of fÖHils, 
278; fouil fanns of the Seonlik 
Ulla, 381 ; thickna ' 



I the 1 



nber pUie 



baiilii 






and fert 

It for 



ledge ol tlie Iksi of nature, 14; 

traoBpareooy of Iha alinoaphere, 100, 

101 : phoiphomcence of the tea, 197. 
Ttcliudi, Dr., extract from bis'Tra- 
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